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METHOD AND APPARATUS FOR RECOGNIZING OPTICAL DISCS, 
OPTICAL DISC DRIVE, AND 
METHOD AND APPARATUS FOR DISTINGUISHING DATA STORAGE LAYER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] The present invention relates to a method for 
recognizing at least two types of optical discs that are 
associated with mutually different numerical apertures (NAs), 
an apparatus for recognizing the type of a given optical disc 
by controlling an optical disc drive, an optical disc drive 
for accessing at least two types of optical discs or data 
storage layers that are associated with respectively different 
NAs , a method for distinguishing at least two types of data 
storage layers that are associated with mutually different 
NAs , and an apparatus for distinguishing a given data storage 
layer by controlling an optical disc drive. 

2 . Description of the Related Art : 

[0002] Various types of optical discs, including music CDs, 
CD-ROMs, CD-Rs, CD-RWs, DVD-ROMs, DVD-RAMs, DVD-RWs, DVD-Rs, 
DVD+RWs and DVD+Rs , are now available anywhere. Optical discs 
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to be accessed with an optical lens having a numerical 
aperture (NA) of 0.8 or more are also researched and 
developed. These types of optical discs are supposed to be 
accessed using objective lenses (or optical lenses) with 
mutually different NAs, laser diodes with mutually different 
wavelengths and/or respectively different spherical aberration 
correction values. 

[0003] A conventional optical disc drive for reading and/or 
writing information from/on multiple types of optical discs 
includes a plurality of light sources to emit radiations at 
mutually different wavelengths . On being loaded with an 
optical disc of an unknown type, the optical disc drive gets a 
light beam emitted from one of those light sources at a 
certain wavelength. The optical disc drive recognizes the 
type of the given optical disc. If the optical disc drive 
does not find that wavelength matching the type of the given 
optical disc, then the optical disc drive gets a light beam 
emitted from one of the other light sources after another 
until the wavelength finally matches the given optical disc. 
In this case, the wavelengths of those light sources may be 
switched in the descending order (i.e., the longest wavelength 
first). Such an optical disc drive is disclosed in Japanese 
Laid-Open Publication No. 11-176073 (see claims 1 and 5), for 
example . 
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[0004] In performing a focus control operation, another 
conventional optical disc drive may bring an objective lens 
toward, or away from, a given optical disc, and may turn a 
focus servo loop ON when the resultant focus error (FE) signal 
exceeds a certain threshold value. Also, the optical disc 
drive performs the focus control operation according to the 
thickness tl of the given optical disc. The optical disc 
drive detects a read signal by performing a tracking control 
operation, and performs the focus control operation according 
to the thickness t2 (t2<tl) of the substrate if the amplitude 
of the read signal is less than a predetermined value. Such 
an optical disc drive is disclosed in Japanese Laid-Open 
Publication No. 7-98431 (see FIGS. 26 and 46 and paragraphs 
[0072], [0073] and [0116]). 

[0005] Still another conventional optical disc drive includes 
a number N (where N^2) of focusing optical systems for the 
same number of optical discs with mutually different substrate 
thicknesses. The optical disc drive recognizes the difference 
in thickness between the disc substrates by laser beams 
reflected from those discs . Such an optical disc drive is 
disclosed in Japanese Laid-Open Publication No. 4-95224 (see 
Claim 1, page 7 lower left column, lines 7-14). 

[0006] Yet another conventional optical disc drive includes a 
plurality of compensators for compensating for the 
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characteristics of optical systems and a detector for 
detecting the physical properties of discs to be read from or 
written to. Such an optical disc drive is disclosed in 
Japanese Laid-Open Publication No. 4-372734 (see Claim 1, FIG. 
1, and paragraph [0014]). 

[0007] Yet another conventional optical disc drive reads data 
from the lead-in area of a given optical disc, thereby 
counting the number of data storage layers included and 
reading pit arrangements . Such an optical disc drive is 
disclosed in United States Patent No. 5,587,981 (Claim 1 and 
FIG. 2). 

[0008] " Yet another conventional optical disc drive focuses a 
light beam onto a given optical disc by using a selected one 
of multiple lenses that are secured to a movable member. Such 
an optical disc drive is disclosed in Japanese Laid-Open 
Publication No. 8-138261 (see Claim 1 and FIG. 2). 

[0009] Yet another optical disc drive corrects the spherical 
aberration by changing the magnification power of an objective 
lens, uses three wavelengths, and controls the NA with a 
wavelength- selective aperture. Such an optical disc drive is 
disclosed in Ryuichi Katayama, "Optical Head Compatible with 
Blu Ray Disc, DVD and CD", Oyo Butsuri, a monthly publication 
of the Japan Society of Applied Physics, August 2002, pp. 19- 
23. 



4 



[0010] In any of these conventional optical disc drives , 
however, if multiple types of optical discs or data storage 
layers need to be accessed • with the numerical apertures of a 
focusing mechanism switched, those optical discs or data 
storage layers are not recognized or distinguished with the 
minimum numerical aperture selected. Thus, in the type 
recognizing or distinguishing process, the focusing mechanism 
is likely to collide against the given optical disc. 



SUMMARY OF THE INVENTION 

[0011] In order to overcome the problems described above, an 
object of the present invention is to provide an optical disc 
drive, which can minimize the collision between the focusing 
mechanism and the optical disc. 

[0012] An optical disc recognizing method according to a 
preferred embodiment of the present invention is a method for 
recognizing at least two types of optical discs, which are 
associated with multiple different numerical apertures. The 
method preferably includes the step of setting the numerical 
aperture of focusing means equal to a first one of the 
multiple different numerical apertures. The focusing means is 
preferably used to focus a light beam on a data storage layer 
of a given optical disc. The first numerical aperture is 
preferably smaller than any of the other numerical apertures . 

5 



The method preferably further includes the step of recognizing 
the type of the given optical disc by the first numerical 
aperture that has been selected in the step of setting the 
numerical aperture. 

[0013] An optical disc recognizing apparatus according to a 
preferred embodiment of the present invention is an apparatus 
for recognizing the type of a given optical disc by 
controlling an optical disc drive, which accesses at least two 
types of optical discs associated with multiple different 
numerical apertures. The apparatus preferably includes 

setting changing means for setting the numerical aperture of 
focusing means equal to a first one of the multiple different 
numerical apertures. The focusing means is preferably used 
to focus a light beam on a data storage layer of the given 
optical disc. The first numerical aperture is preferably 
smaller than any of the other numerical apertures . The 
apparatus preferably further includes recognizing means for 
recognizing the type of the given optical disc, loaded in the 
optical disc drive, by the first numerical aperture that has 
been selected by the setting changing means. 

[0014] An optical disc drive according to a preferred 
embodiment of the present invention preferably accesses at 
least two types of optical discs, which are associated with 
multiple different numerical apertures . The optical disc drive 
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preferably includes: focusing means for focusing a light beam 
on a data storage layer of a given optical disc at a 
changeable numerical aperture; detecting means for detecting 
light that has been reflected from the given optical disc, on 
which the light beam was focused by the focusing means; 
setting means for setting the numerical aperture of the 
focusing means equal to a first one of the multiple different 
numerical apertures, the first numerical aperture being 
smaller than any of the other numerical apertures ; and 
recognizing means for recognizing the type of the given 
optical disc by a signal representing a reflected and detected 
portion of the light from the optical disc on which the light 
beam was focused at the first numerical aperture that had been 
selected by the setting means . 

[0015] In one preferred embodiment of the present invention, 
the setting means preferably selects one of the multiple 
different numerical apertures after another in an ascending 
order by beginning with the smallest, first numerical 
aperture. The recognizing means preferably determines, by the 
signal representing the reflected and detected portion of the 
light from the optical disc on which the light beam was 
focused at the numerical aperture that had been selected by 
the setting means, whether the given optical disc is a type 
associated with the numerical aperture currently selected. 
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[0016] In another preferred embodiment, the optical disc 
drive preferably further includes: light source means for 
selectively emitting one of a plurality of light beams with 
multiple different wavelengths corresponding to the multiple 
different numerical apertures; and wavelength selecting means 
for setting the wavelength of the light beam emitted from the 
light source means equal to a first one of the multiple 
different wavelengths when the setting means sets the 
numerical aperture of the focusing means equal to the first 
numerical aperture- The first wavelength is preferably 
longer than any of the other wavelengths. The focusing means 
preferably focuses the light beam that has been emitted from 
the light source means . 

[0017] In still another preferred embodiment, the optical 
disc drive preferably further includes light source means for 
selectively emitting one of a plurality of light beams with 
multiple different wavelengths corresponding to the multiple 

different numerical apertures . The focusing means preferably 

/A 

focuses the light beam that has been emitted from the light 
source means. The numerical aperture of the focusing means 
preferably changes with the wavelength of the light beam to be 
focused. The setting means preferably sets the wavelength of 
the light beam emitted from the light source means equal to a 
first one of the multiple different wavelengths, thereby 
setting the numerical aperture of the focusing means equal to 
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the first numerical aperture. The first wavelength is 
preferably longer than any of the other wavelengths . 

[0018] In this particular preferred embodiment, the setting 
means preferably selects one of the multiple different 
numerical apertures after another in an ascending order by 
beginning with the smallest, first numerical aperture. The 
setting means or the wavelength selecting means preferably 
selects one of the multiple different wavelengths after 
another in a descending order by beginning with the longest, 
first wavelength. The recognizing means preferably 

determines, by the signal representing the reflected and 
detected portion of the light from the optical disc on which 
the light beam was focused at the selected numerical aperture 
and wavelength, whether the given optical disc is a type 
associated with the numerical aperture and wavelength 
currently selected. 

[0019] In an alternative preferred embodiment, the at least 
two types of optical discs preferably include light beam 
passage layers with multiple different thicknesses to pass the 
light beam. The optical disc drive preferably further 
includes: spherical aberration correcting means for correcting 
a spherical aberration produced on the spot of the light beam 
that has been focused on the data storage layer of the given 
optical disc; and spherical aberration regulating means for 
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setting the magnitude of correction to be made by the 
spherical aberration correcting means equal to a first 
correction value when the setting means sets the numerical 
aperture of the focusing means equal to the first numerical 
aperture. The first correction value is preferably associated 
with the largest one of the multiple different thicknesses. 

[0020] In this particular preferred embodiment, the setting 
means preferably selects one of the multiple different 
numerical apertures after another in an ascending order by 
beginning with the smallest, first numerical aperture. The 
setting means or the wavelength selecting means preferably 
selects one of the multiple different wavelengths after 
another in a descending order by beginning with the longest, 
first wavelength. The spherical aberration regulating means 
preferably selects one of multiple correction values, 
associated with the multiple different thicknesses, after 
another in a descending order by beginning with the largest, 
first correction value. The recognizing means preferably 
determines, by the signal representing the reflected and 
detected portion of the light from the optical disc on which 
the light beam was focused at the selected numerical aperture, 
wavelength and correction value, whether the given optical 
disc is a type associated with the numerical aperture, 
wavelength and correction value currently selected. 
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[0021] Specifically, the multiple different thicknesses 
preferably include at least one of the ranges of: 1.2+0.3 mm 
to 1.2 — 0.1 mm; 0.6 + 0.53 mm to 0.6 — 0.5 mm; 100 + 5 jtim to 100 — 
5 Urn; and 75 + 5 /im to 75 — 5 jtfm. 

[0022] In yet another preferred embodiment, the multiple 
different wavelengths preferably include at least one of the 
ranges of: 400 nm to 410 nm; 645 nm to 660 nm; and 775 nm to 
795 nm. 

[0023] In yet another preferred embodiment, the multiple 
different numerical apertures preferably include at least one 
of the ranges of: 0.85 + 0.01 to 0.85 — 0.01; 0.6 + 0.01 to 0.6 — 
0.01; and 0.50 + 0.01 to 0.50-0.01. 

[0024] In yet another preferred embodiment, the multiple 
different wavelengths preferably include at least one of the 
ranges of: 405 + 5 nm to 405 — 5 nm; 650 + 5 nm to 650 — 5 nm; and 
780 + 10 nm to 780 — 10 nm. 

[0025] In yet another preferred embodiment, the multiple 
different numerical apertures preferably include at least one 
of the ranges of: 0.85 + 0.01 to 0.85 — 0.01; 0.6 + 0.01 to 0.6 — 
0.01; and 0.45 + 0.01 to 0.45 — 0.01. 

[0026] In yet another preferred embodiment, the signal 
representing the detected portion of the reflected light 
preferably includes at least one of a focus error signal, a 
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tracking error signal, a signal representing the quantity of 
the reflected light and a read signal. 

[0027] A data storage layer distinguishing method according 
to a preferred embodiment of the present invention is a 
method for distinguishing at least two types of data storage 
layers, which are associated with multiple different numerical 
apertures. The method preferably includes the step of setting 
the numerical aperture of focusing means equal to a first one 
of the multiple different numerical apertures. The focusing 
means is preferably used to focus a light beam on a data 
storage layer of a given optical disc. The first numerical 
aperture is preferably smaller than any of the other 
numerical apertures . The method preferably further includes 
the step of distinguishing the data storage layer by the first 
numerical aperture that has been selected in the step of 
setting the numerical aperture. 

[0028] A data storage layer distinguishing apparatus 
according to a preferred embodiment of the present invention 
is an apparatus for distinguishing a given data storage layer 
by controlling an optical disc drive, which accesses at least 
two types of data storage layers associated with multiple 
different numerical apertures. The apparatus preferably 
includes setting changing means for setting the numerical 
aperture of focusing means equal to a first one of the 
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multiple different numerical apertures. The focusing means is 
preferably used to focus a light beam on a data storage layer 
of the given optical disc. The first numerical aperture is 
preferably smaller than any of the other numerical apertures . 
The apparatus preferably further includes distinguishing 
means for distinguishing the data storage layer of the given 
optical disc, loaded in the optical disc drive, by the first 
numerical aperture that has been selected by the setting 
changing means . 

[0029] An optical disc drive according to a preferred 
embodiment of the present invention preferably accesses at 
least two types of data storage layers, which are associated 
with multiple different numerical apertures . The optical disc 
drive preferably includes: focusing means for focusing a light 
beam on a data storage layer of a given optical disc at a 
changeable numerical aperture; detecting means for detecting 
light that has been reflected from the given data storage 
layer, on which the light beam was focused by the focusing 
means; setting means for setting the numerical aperture of the 
focusing means equal to a first one of the multiple different 
numerical apertures, the first numerical aperture being 
smaller than any of the other numerical apertures ; and 
distinguishing means for distinguishing the data storage layer 
of the given optical disc by a signal representing a reflected 
and detected portion of the light from the optical disc on 
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which the light beam was focused at the first numerical 
aperture that had been selected by the setting means, 

[0030] In one preferred embodiment of the present invention, 
the optical disc drive preferably further includes counting 
means for counting the number of the data storage layers of 
the given optical disc. 

[0031] In another preferred embodiment, the at least two 
types of data storage layers are preferably located at 
mutually different depths as measured from a principal surface 
of the given optical disc. The optical disc drive preferably 
further includes : vertical position changing means for 
moving the focusing means perpendicularly to the data storage 
layers; and shifting means for getting the light beam focused 
on the deepest one of the data storage layers first, the 
second deepest one next, and so forth toward the surface of 
the given optical disc, by driving the vertical position 
changing means while the distinguishing means is 
distinguishing the given data storage layer. 

[0032] In this particular preferred embodiment, the optical 
disc drive preferably further includes: focusing state 
detecting means for generating a signal representing a 
focusing state of the light beam on the given data storage 
layer; and focus control means for getting the light beam 
focused on a desired one of the data storage layers by 
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driving the vertical position changing means in response to 
the signal generated by the focusing state detecting means . 
In accordance with a result obtained by the distinguishing 
means, the focus control means preferably gets the light beam 
focused on the desired data storage layer earlier than any of 
the other data storage layers. 

[0033] More specifically, the optical disc drive preferably 
further includes: spherical aberration correcting means for 
correcting a spherical aberration differently according to the 
given data storage layer; and spherical aberration regulating 
means for adjusting the magnitude of correction to be made by 
the spherical aberration correcting means according to the 
desired data storage layer when the focus control means gets 
the light beam focused on the desired data storage layer. 

[0034] In another preferred embodiment, thie optical disc 
drive preferably further includes: focusing state detecting 
means for generating a signal representing a focusing state of 
the light beam on the given data storage layer of the optical 
disc; focus control means for getting the light beam focused 
on a desired one of the data storage layers by driving the 
vertical position changing means in response to the signal 
generated by the focusing state detecting means; and storage 
means for bringing the focusing means closer to, or away from, 
the optical disc with the numerical apertures of the focusing 
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means switched sequentially and for storing the signal of the 
focusing state detecting means to be output as the focusing 
states are changed. In accordance with the output signal of 
the focusing state detecting means as stored in the storage 
means, the focus control means preferably corrects the 
amplitude and/or balance of the output signal of the focusing 
state detecting means in getting the light beam focused. 

[0035] In yet another preferred embodiment, the optical disc 
drive preferably further includes : focusing state detecting 
means for generating a signal representing a focusing state of 
the light beam on the given data storage layer of the optical 
disc; focus control means for getting the light beam focused 
on a desired one of the data storage layers by driving the 
vertical position changing means in response to the signal 
generated by the focusing state detecting means; storage means 
for bringing the focusing means closer to, or away from, the 
optical disc with the numerical apertures of the focusing 
means switched sequentially and for storing the signal of the 
focusing state detecting means to be output as the focusing 
states are changed; and interlayer jump means for shifting the 
focal point of the light beam from any of the data storage 
layers of the optical disc to another in accordance with the 
output signal of the focusing state detecting means. In 
accordance with the output signal of the focusing state 
detecting means as stored in the storage means, the interlayer 
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jump means preferably corrects the amplitude and/or balance of 
the output signal of the focusing state detecting means in 
shifting the focal point from one layer to another. 

[0036] According to various preferred embodiments of the 
present invention described above, the numerical aperture of 
focusing means for focusing a light beam on the data storage 
layer of a given optical disc is set equal to a first 
numerical aperture, which is smaller than any of the other 
different numerical apertures, and the type of the given 
optical disc is recognized by the first numerical aperture. 
Thus, the collision between the focusing means and the optical 
disc can be minimized. 

[0037] Other features, elements, processes, steps, 
characteristics and advantages of the present invention will 
become more apparent from the following detailed description 
of preferred embodiments of the present invention with 
reference to the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a block diagram showing the basic concept 
of an optical disc recognition controller according to a 
first specific preferred embodiment of the present invention. 

[0039] FIG. 2 is a block diagram schematically showing a 
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configuration for the optical disc drive shown in FIG. 1. 

[0040] FIG. 3 is a block diagram showing an exemplary 
detailed configuration for the optical disc drive shown in 
FIG. 2. 

[0041] FIG. 4 is a block diagram showing a detailed 
configuration for the optical head set shown in FIG. 3. 

[0042] FIG. 5 is a block diagram showing a detailed 
configuration for each of the optical heads shown in FIG. 4. 

[0043] FIG. 6 illustrates an exemplary structure for the 
optical disc shown in FIG. 1. 

[0044] FIG. 7 schematically illustrates the configuration of 
data tracks according to the first preferred embodiment . 

[0045] FIGS. 8A, 8B and 8C show various positional 
relationships between objective lenses and three types of 
optical discs according to the first preferred embodiment. 

[0046] FIG. 9 is a flowchart showing the flow of an optical 
disc type recognizing process according to the first preferred 
embodiment . 

[0047] FIG. 10 shows how to recognize a given optical disc 
according to the first preferred embodiment. 

[0048] FIG. 11 is a flowchart showing the flow of the process 
of recognizing the type of a given optical disc with numerical 
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apertures changed according to the first preferred embodiment. 

[0049] FIG. 12 is a block diagram schematically showing a 
configuration for an optical disc drive according to a second 
specific preferred embodiment of the present invention. 

[0050] FIG. 13 is a block diagram showing an exemplary 
detailed configuration for the optical disc drive shown in 
FIG. 12. 

[0051] FIG. 14 is a block diagram showing a detailed 
configuration for the optical head set shown in FIG. 13. 

[0052] FIGS. 15A and 15B are respectively a perspective view 
and a plan view illustrating a configuration for the lens 
unit shown in FIG. 14. 

[0053] FIG. 16 is a flowchart showing the flow of an optical 
disc type recognizing process according to the second 
preferred embodiment . 

[0054] FIG. 17 is a flowchart showing the flow of the process 
of recognizing the type of a given optical disc with numerical 
apertures and wavelengths changed according to the second 
preferred embodiment. 

[0055] FIG. 18 is a block diagram schematically showing a 
configuration for an optical disc drive according to a third 
specific preferred embodiment of the present invention. 
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[0056] FIG. 19 is a block diagram showing an exemplary 
detailed configuration for the optical disc drive shown in 
FIG. 18. 

[0057] FIG. 20 is a block diagram showing a detailed 
configuration for the optical head set shown in FIG. 19. 

[0058] FIGS. 21A and 21B are respectively a plan view and a 
cross -sectional view illustrating an exemplary configuration 
for the wavelength- selective aperture shown in FIG. 20. 

[0059] FIGS. 22A and 22B are respectively a plan view and a 
cross -sectional view illustrating another exemplary 
configuration for the wavelength- selective aperture shown in 
FIG. 20. 

[0060] FIG. 23 is a flowchart showing the flow of an optical 
disc type recognizing process according to the third preferred 
embodiment . 

[0061] FIG. 24 is a flowchart showing the flow of the process 
of recognizing the type of a given optical disc with numerical 
apertures and wavelengths changed according to the third 
preferred embodiment. 

[0062] FIG. 25 is a block diagram schematically showing a 
configuration for an optical disc drive according to a fourth 
specific preferred embodiment of the present invention. 



20 



[0063] FIG. 26 is a block diagram showing an exemplary 

detailed configuration for the optical disc drive shown in 
FIG. 25. 

[0064] FIG. 27 is a block diagram showing a detailed 

configuration for the optical head set shown in FIG. 26. 

[0065] FIG. 28 shows how the spherical aberration of a light 
beam changes in the fourth preferred embodiment . 

[0066] FIGS. 29A and 29B show how to correct the spherical 
aberration according to the fourth preferred embodiment. 

[0067] FIG. 30 is a flowchart showing the flow of an optical 
disc type recognizing process according to the fourth 
preferred embodiment. 

[0068] FIG. 31 is a flowchart showing the flow of the process 
of recognizing the type of a given optical disc with numerical 
apertures, wavelengths and spherical aberration correction 
values changed according to the fourth preferred embodiment. 

[0069] FIG. 32 is a block diagram schematically showing a 
configuration for an optical disc drive according to a fifth 
specific preferred embodiment of the present invention. 

[0070] FIG. 33 is a block diagram showing the basic concept 
of a data storage layer distinguishing controller according 
to a sixth specific preferred embodiment of the present 
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invention . 

[0071] FIG. 34 is a block diagram schematically showing a 
configuration for the optical disc drive shown in FIG. 33. 

[0072] FIG. 35 illustrates an exemplary structure for the 
optical disc shown in FIG. 33. 

[0073] FIG. 36 is a flowchart showing the flow of a data 
storage layer distinguishing process according to the sixth 
preferred embodiment . 

[0074] FIG. 37 is a block diagram schematically showing a 
configuration for an optical disc drive according to a 
seventh specific preferred embodiment of the present 
invention. 

[0075] FIG. 38 shows how to carry out the data storage layer 
distinguishing method of the seventh preferred embodiment . 

[0076] FIG. 39 is a flowchart showing the flow of the process 
of distinguishing a data storage layer of a given optical disc 
with numerical apertures changed according to the seventh 
preferred embodiment. 

[0077] FIG. 40 is a block diagram schematically showing a 
configuration for an optical disc drive according to an 
eighth specific preferred embodiment of the present invention. 

[0078] FIG. 41 is a flowchart showing the flow of a data 
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storage layer distinguishing process according to the eighth 
preferred embodiment. 

[0079] FIG. 42 is a flowchart showing the flow of the process 
of distinguishing a data storage layer with numerical 
apertures and wavelengths changed according to the eighth 
preferred embodiment. 

[0080] FIG. 43 is a block diagram schematically showing a 
configuration for an optical disc drive according to a ninth 
specific preferred embodiment of the present invention. 

[0081] FIG. 44 is a flowchart showing the flow of a data 
storage layer distinguishing process according to the ninth 
preferred embodiment. 

[0082] FIG. 45 is a flowchart showing the flow of the process 
of distinguishing a data storage layer with numerical 
apertures and wavelengths changed according to the ninth 
preferred embodiment . 

[0083] FIG. 46 is a block diagram schematically showing a 
configuration for an optical disc drive according to a tenth 
specific preferred embodiment of the present invention. 

[0084] FIG. 47 is a flowchart showing the flow of a data 
storage layer distinguishing process according to the tenth 
preferred embodiment . 
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[0085] FIG, 48 is a flowchart showing the flow of the process 
of distinguishing a data storage layer with numerical 
apertures, wavelengths and spherical aberration correction 
values changed according to the tenth preferred embodiment. 

[0086] FIG. 49 is a block diagram schematically showing a 
configuration for an optical disc drive according to an 
eleventh specific preferred embodiment of the present 
invention . 

[0087] FIG. 50 is a block diagram schematically showing a 
configuration for an optical disc drive according to a 
twelfth specific preferred embodiment of the present 
invention . 

[0088] FIG. 51 is a flowchart showing the flow of a data 
storage layer distinguishing process according to the twelfth 
preferred embodiment. 

[0089] FIG. 52 is a flowchart showing the flow of the process 
of distinguishing a data storage layer with numerical 
apertures, wavelengths and spherical aberration correction 
values changed according to the twelfth preferred embodiment. 

[0090] FIG. 53 shows how to distinguish a given data storage 
layer according to the twelfth preferred embodiment. 

[0091] FIG. 54 shows how to perform focus jump operations 
according to the twelfth preferred embodiment. 
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[0092] FIG. 55 is a flowchart showing the flow of another 
data storage layer distinguishing process according to the 
twelfth preferred embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0093] Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to the 
accompanying drawings. It should be noted that the present 
invention is in no way limited to the following illustrative 
preferred embodiments . 

EMBODIMENT 1 

[0094] FIG. 1 is a block diagram schematically showing a 
configuration for an optical disc recognition controller 
according to a first specific preferred embodiment of the 
present invention. The optical disc recognition controller 
104 of the first preferred embodiment preferably recognizes at 
least two types of optical discs 102, which are associated 
with multiple different numerical apertures. Also, the 
optical disc recognition controller 104 preferably controls an 
optical disc drive 100 for accessing the optical disc 102 . 
The optical disc recognition controller 104 recognizes the 
type of the optical disc 102 in the optical disc drive 100 
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when the optical disc drive 100 is turned ON or when the 
optical disc 102 is inserted into the optical disc drive 100. 
The number of the types of optical discs to be recognized is 
not particularly limited and may be two, three or more, for 
example . 

[0095] The optical disc recognition controller 104 preferably 
includes a setting changer 106 and a recognizer 108. The 
setting changer 106 preferably controls a focusing mechanism 
110, which focuses a light beam on the data storage layer of 
the given optical disc 102, by setting the numerical aperture 
of the focusing mechanism 110 equal to the smallest one of the 
multiple different numerical apertures (which will be referred 
to herein as a "first numerical aperture"). Alternatively, 
the setting changer 106 may control the focusing mechanism 
110 by setting the numerical aperture of the focusing 
mechanism 110 equal to a second numerical aperture, which is 
greater than at least one of the multiple different numerical 
apertures. The second numerical aperture may or may not be 
included in the multiple different numerical apertures. Also, 
beginning with the smallest, first numerical aperture, the 
setting changer 106 may sequentially select one of the 
numerical apertures after another in the ascending order. 

[0096] The recognizer 108 preferably recognizes the type of 
the optical disc 102 loaded in the optical disc drive 100 by 
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the first numerical aperture that has been selected by the 
setting changer 106. The recognizer 108 may recognize all 
types of optical discs 102 by the first numerical aperture. 
Also, if the setting changer 106 sequentially selects one of 
the multiple different numerical apertures after another in 
the ascending order, then the recognizer 108 may determine 
whether or not the optical disc 102 loaded is associated with 
the numerical aperture currently selected by the setting 
changer 106. This decision can be made in accordance with a 
signal representing a reflected and detected portion of the 
light from the optical disc 102 on which the light beam was 
focused at that numerical aperture. 

[0097] The optical disc 102 is a storage medium that can be 
accessed by way of a light beam and preferably has either a 
single data storage layer or multiple data storage layers, 
which are stacked one upon the other. Examples of preferred 
optical discs 102 includes music CDs, CD-ROMs, CD-Rs, CD-RWs, 
DVD-ROMs, DVD-RAMs, DVD-RWs, DVD-Rs, DVD+RWs , DVD+Rs , and 
high- density optical discs to be accessed with a blue or 
violet light beam. 

[0098] The multiple different numerical apertures may include 
at least one of the ranges of: 0.85 + 0.01 to 0.85 — 0.01; 0.6 + 
0.01 to 0.6 - 0.01; and 0.50 + 0.01 to 0.50 — 0.01. 
Alternatively, the multiple different numerical apertures may 
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include at least one of the ranges of: 0.85 + 0.01 to 0.85 — 
0.01; 0.6 + 0.01 to 0.6 — 0.01; and 0.45 + 0.01 to 0.45 — 0.01. 
Furthermore, the multiple different numerical apertures may 
also fall within any other range. 

[0099] FIG. 2 is a block diagram schematically showing a 
detailed configuration for the optical disc drive 100 shown in 
FIG. 1. As shown in FIG. 2, the optical disc drive 100 
preferably includes the focusing mechanism 110, a 
photodetector 112, a signal generator 114 and the optical disc 
recognition controller 104. The focusing mechanism 110 
preferably focuses a light beam on the data storage layer of 
the optical disc 102 and may include an optical lens (e.g., an 
objective lens). The numerical aperture of the focusing 
mechanism 110 is preferably switchable. The numerical 
apertures may be switched by changing the objective lenses or 
compensators to pass the light beam. Alternatively, the 
numerical apertures may also be switched mechanically as well . 

[0100] The photodetector 112 preferably detects the light 
that has been reflected from the optical disc 102 on which the 
light beam was focused by the focusing mechanism 110 . The 
signal generator 114 preferably generates a signal 
representing the detected portion of the reflected light from 
the optical disc 102. For example, the signal generator 114 
may generate a signal representing a focusing state of the 
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light beam on the data storage layer. More specifically, the 
signal generator 114 preferably generates a signal including 
at least one of a focus error (FE) signal, a tracking error 
(TE) signal, an AS signal representing the quantity of light 
reflected and a read signal (RF signal). The recognizer 108 
of the optical disc recognition controller 104 preferably 
recognizes the type of the given optical disc 102 based on the 
output signal of the signal generator 114. 

[0101] FIG. 3 is a block diagram showing a more detailed 
configuration for the optical disc drive 100 shown in FIG. 2. 
As shown in FIG. 3, the optical disc drive 100 preferably 
includes a optical head set 120, an amplifier 122, an RF 
signal generator 124, an AS signal generator 126, a TE signal 
generator 128, an FE signal generator 130, a microcomputer 
132, a focus actuator driver 134, a tracking actuator driver 
135 and a disc motor 136. The disc motor 136 preferably 
rotates the optical disc 102 at a predetermined rotational 
velocity (expressed in revolutions per minute). 

[0102] The optical head set 120 preferably outputs the light 
beam so as to form a light beam spot on the data storage layer 
of the optical disc 102. Also, the optical head set 120 
preferably receives the light that has been reflected from the 
optical disc 102, thereby outputting a signal representing the 
reflected light. The amplifier 122 preferably converts a 
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current signal, supplied from the photodetector of the optical 
head set 120, into a voltage signal. The RF signal generator 
124 preferably receives the output signal of the amplifier 122 
and outputs an RF signal. The AS signal generator 126 
preferably receives the output signal of the amplifier 122 and 
outputs an AS signal. 

[0103] The TE signal generator 128 preferably receives the 
output signal of the amplifier 122 and outputs a TE signal. 
The TE signal is used to perform a tracking control operation 
such that the light beam can follow intended tracks on the 
optical disc 102. The TE signal may be detected by any 
method, e.g., a phase difference method, a push-pull method 
or a three -beam method. The circuit configuration of the TE 
signal generator 128 may also be appropriately modified 
according to the detection method adopted. 

[0104] The FE signal generator 130 preferably receives the 
output signal of the amplifier 122 and outputs an FE signal. 
The FE signal is used to perform a focus control operation 
such that the light beam on the data storage layer of the 
optical disc 102 can maintain a predetermined focusing state. 
The FE signal may be detected by any method, e.g., an 
astigmatism method, a knife edge method or a spot sized 
detection (SSD) method. The circuit configuration of the FE 
signal generator 130 may be appropriately modified according 
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to the detection method adopted. Each of the RF signal 
generator 124, AS signal generator 126, TE signal generator 
128 and FE signal generator 130 may share at least some of 
its own circuits with any other signal generator. 

[0105] The microcomputer 132 preferably processes the output 
signals of the RF signal generator 124, AS signal generator 
126, TE signal generator 128 and FE signal generator 130 and 
preferably outputs control signals to control the respective 
components of the optical disc drive 100. Also, the 
microcomputer 132 preferably controls the optical head set 
120, focus actuator driver 134, tracking actuator driver 135 
and disc motor 136. The microcomputer 132 may be replaced 
with a DSP (digital signal processor) . 

[0106] The focus actuator driver 134 preferably drives the 
focus actuator of the optical head set 120 in response to the 
control signal supplied from the microcomputer 132. On the 
other hand, the tracking actuator driver 135 preferably 
drives the tracking actuator of the optical head set 120 in 
response to the control signal supplied from the microcomputer 
132. 

[0107] FIG. 4 is a block diagram showing an exemplary 
configuration for the optical head set 120 shown in FIG. 3. 
As shown in FIG. 4, the optical head set 120 preferably 
includes optical heads 140, 142 and 144, a photodetector 146, 
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and an optical head selector 147. The multiple optical heads 
140 , 142 and 144 are associated with mutually different 
numerical apertures so as to emit light beams at respectively 
different wavelengths. The number of optical heads included 
in the optical head set 120 is not particularly limited but 
may be two, four or more. In any case, these optical heads 
140, 142 and 144 are switched by the selector 147 such that 
one of the optical heads 140 , 142 and 144 is used selectively. 
The optical head selected preferably irradiates the given 
optical disc 102 with a light beam and passes the light that 
has been reflected from the optical disc 102. 

[0108] The photodetector 146 preferably receives the light 
that was reflected from the optical disc 102 and then passed 
through one of the optical heads 140, 142 and 144 and converts 
the light (i.e., an optical signal) into an electric signal 
(or current signal). The photodetector 146 may be divided 
into four areas, for example. Under the control of the 
microcomputer 132, the optical head selector 147 preferably 
arranges a selected one of the optical heads 140, 142 and 144 
at a predetermined position. The optical head selector 147 
preferably includes multiple tables 149 to mount the 
respective optical heads 140, 142 and 144 thereon and a motor 
148. The motor 148 preferably moves the tables 149 to switch 
the optical heads to be used. 
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[0109] FIG. 5 is a block diagram showing an exemplary 
configuration for each of the optical heads 140 , 142 and 144 
shown in FIG. 4. As shown in FIG. 5, each optical head 140, 
142 or 144 preferably includes an objective lens 150, a focus 
actuator 152 , a tracking actuator 153, a polarization beam 
splitter 154, a coupling lens 156 and a light source 158. The 
light source 158 preferably emits a light beam and may be a 
semiconductor laser diode, for example. The focus actuator 
152 preferably moves the objective lens 150 substantially 
perpendicularly to the data storage layer of the optical disc 
102. The focus actuator 152 may include a coil and a magnet, 
for example. On the other hand, the tracking actuator 153 
preferably moves the objective lens 150 substantially parallel 
to the data storage layer of the optical disc 102. The 
tracking actuator 153 may also include a coil and a magnet, 
for example. 

[0110] The coupling lens 156 preferably transforms the 
emission of the light source 158 into a parallel beam. The 
polarization beam splitter 154 preferably reflects the 
parallel beam that has come from the coupling lens 156 and 
preferably transmits the light that has come from the 
objective lens 150. The light that has been transmitted 
through the polarization beam splitter 154 is preferably 
received at the photodetector 146. The objective lens 150 
preferably focuses the light beam coming from the polarization 
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beam splitter 154 , thereby forming a light beam spot on the 
data storage layer of the optical disc 102. Also, the 
objective lens 150 preferably passes the light that has been 
reflected from the optical disc 102, 

[0111] The numerical aperture of the objective lens 150 and 
the wavelength of the emission of the light source 158 in one 
of the optical heads 140 , 142 and 144 are different from 
those of another. For example, the objective lens 150-3 of 
the optical head 144 preferably has a numerical aperture of 
0.85 + 0.01 to 0.85 — 0.01; the objective lens 150-2 of the 
optical head 142 preferably has a numerical aperture of 0.6+ 
0.01 to 0.6 — 0.01; and the objective lens 150-1 of the optical 
head 140 preferably has a numerical aperture of 0.50+0.01 to 
0.50-0.01 or 0.45 + 0.01 to 0.45 — 0.01. 

[0112] Also, the light source 158-3 of the optical head 144 
may emit a light beam with a wavelength of 405 + 5 nm to 405 — 5 
nm; the light source 158-2 of the optical head 142 may emit a 
light beam with a wavelength of 645 nm to 660 nm or 650 + 5 nm 
to 650 — 5 nm; and the light source 158-1 of the optical head 
140 may emit a light beam with a wavelength of 775 nm to 795 
nm or 780 + 10 nm to 780 — 10 nm. 

[0113] It should be noted that the objective lens 150 and 
the optical head selector 147 are equivalent to the focusing 
mechanism 110 shown in FIG. 2. The photodetector 146 
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corresponds with the photodetector 112 shown in FIG. 2. Also, 
the RF signal generator 124, AS signal generator 126, TE 
signal generator 128 and FE signal generator 130 are 
collectively represented by the signal generator 114 in FIG. 2. 
Furthermore, the microcomputer 132 preferably performs the 
functions of the optical disc recognition controller 104. 

[0114] FIG. 6 schematically illustrates an exemplary 
structure for the optical disc 102 shown in FIG. 1. The 
optical disc 102 preferably includes a data storage layer 170 
and a light beam passage layer 172. The optical disc 102 is 
preferably designed such that the data storage layer 170 can 
be accessed by way of the light beam passage layer 172. The 
thickness X2 of the optical disc 102 is not particularly 
limited but may be approximately 1.2 mm, for example. The 
light beam passage layer 172 preferably transmits the light 
beam that has come from the objective lens 150. The thickness 
XI of the light beam passage layer 172 is not particularly 
limited, either, but may be 1.2 + 0.3 mm to 1.2 — 0.1 mm, 0.6 + 
0.53 mm to 0.6 — 0.5 mm, 100 + 5 jUm to 100 — 5 U m or 75 + 5 JJm to 
75 — 5 flm. 

[0115] FIG. 7 schematically illustrates the configuration of 
data tracks according to the first preferred embodiment. On 
the data storage layer 170 of the optical disc 102 , raised 
data tracks 180 may be formed, for example. Then, the data 
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storage layer 170 has an uneven surface* The optical head set 
120 preferably emits the light beam toward the uneven surface 
of the data storage layer 170 with the data tracks 180 # 
thereby reading data from the tracks 180 or writing data on 
the tracks 180. However, the optical disc 102 does not have 
to have the configuration shown in FIG. 7 but may have a pit 
structure as well. 

[0116] Hereinafter, it will be described with reference to 
FIGS. 8 through 11 exactly how the optical disc drive 100 
having the configuration of the first preferred embodiment 
described above operates. FIG. 8 illustrates various 

positional relationships between the objective lenses 150 
(i.e., 150-1, 150-2 and 150-3) and the optical discs 102 (i.e., 
102-1, 102-2 and 102-3) according to this first preferred 
embodiment. As shown in FIG. 8A, when the objective lens 150- 
1 having a numerical aperture (NA) of 0.45 is used, the 
distance between the focal point of the light beam and the 
objective lens 150-1 is longer than the situation where any of 
the two other objective lenses 150-2 and 150-3 is used. 

[0117] If the objective lens 150-1 and an infrared light beam 
are used in combination, then the collision between the 
objective lens 150-1 and the optical disc 102-1, 102-2 or 
102-3 can always be avoided irrespective of the type of the 
given optical disc 102. That is to say, no collision should 
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occur no matter whether the infrared light beam is focused on 
the data storage layer 170-1 of the optical disc 102-1 with a 
light beam passage layer 172-1 having a thickness of 1.2 mm 
(e.g., a compact disc (CD)), on the data storage layer 170-2 
of the optical disc 102-2 with a light beam passage layer 
172-2 having a thickness of 0.6 mm (e.g., a digital versatile 
disc (DVD)), or on the data storage layer 170-3 of the 

S 

optical disc 102-3 with a light beam passage layer 172-3 
having a thickness of 0.1 mm (e.g., a high-density disc to be 
accessed with a light beam having a wavelength that is equal 
to or shorter than that of a blue ray) . 

[0118] On the other hand, if the objective lens 150-2 with 
an NA of 0.6 is used (see FIG. 8B) , then the distance between 
the focal point of the light beam and the objective lens 150-2 
is shorter than the situation where the objective lens 150-1 
is used. Using this objective lens 150-2 and a red light beam 
in combination, while the light beam is being focused on the 
data storage layer 170-1 of the optical disc 102-1, collision 
should occur between the objective lens 150-2 and the optical 
disc 102-1. However, if the light beam is focused on the data 
storage layer 170-2 of the optical disc 102-2 or on the data 
storage layer 170-3 of the optical disc 102-3, then no 
collision should occur between the objective lens 150-2 and 
the optical disc 102-2 or 102-3. 
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[0119] Furthermore, if the objective lens 150-3 with an NA 
of 0.85 is used (see FIG. 8C), then the distance between the 
focal point of the light beam and the objective lens 150-3 is 
even shorter than the situation where the objective lens 150-1 
or 150-2 is used. Using, in combination, this objective lens 
150-3 and a light beam of which the wavelength is equal to or 
shorter than that of a blue ray, while the light beam is being 
focused on the data storage layer 170-1 of the optical disc 
102-1, collision should occur between the objective lens 150-3 
and the optical disc 102-1. In the same way, collision should 
also occur between the objective lens 150-3 and the optical 
disc 102-2 while the light beam is being focused on the data 
storage layer 170-2 of the optical disc 102-2. 

[0120] However, if the light beam is focused on the data 
storage layer 170-3 of the optical disc 102-3, then no 
collision should occur between the objective lens 150-3 and 
the optical disc 102-3. As described above, the smaller the 
NA of the objective lens to focus a light beam, the longer the 
distance between the objective lens 150 and the focal point 
and the less likely the collision between the objective lens 
150 and the optical disc 102. 

[0121] FIG. 9 is a flowchart showing the flow of the optical 
disc type recognizing process of this first preferred 
embodiment. In this optical disc type recognizing process, 
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first, in Step S100, the setting changer 106 to be implemented 
by the microcomputer 132 preferably outputs a control signal 
that sets the numerical aperture of the objective lens 150 
equal to a first numerical aperture. The setting changer 106 
preferably controls the optical head selector 147 so as to 
select the objective lens 150-1 with the smallest, first 
numerical aperture among the three objective lenses 150-1, 
150-2 and 150-3. In accordance with the control signal 
supplied from the setting changer 106, the optical head 
selector 147 preferably puts the optical head 140 with the 
objective lens 150-1 at the predetermined position. 

[0122] Next, in Step S102, the recognizer 108 to be 
implemented by the microcomputer 132 preferably recognizes the 
type of the given optical disc 102 by the first numerical 
aperture that has been selected in Step S100. The recognizer 
108 preferably controls the optical head set 120 such that the 
light beam is focused on the optical disc 102 by way of the 
objective lens 150-1, for example, and preferably recognizes 
the type of the optical disc 102 in accordance with a signal 
representing the detected portion of the reflected light from 
the optical disc 102 . The recognizer 108 may recognize the 
type of the given optical disc 102 by the FE signal, TE signal, 
AS signal, RF signal or a combination thereof. The recognizer 
108 may recognize all types of optical discs 102 either by the 
first numerical aperture only or by switching the numerical 
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apertures . 

[0123] FIG. 10 shows how to recognize a given optical disc 
according to this first preferred embodiment. As shown in FIG. 
10, if the focal point of the light beam is shifted around the 
data storage layer 170, then an FE signal with an S-curved 
waveform will be generated. Also, the amplitude of an AF 
signal and that of a signal obtained by subjecting the RF 
signal to envelope detection (i.e., RFENV signal) have their 
local maximums in the vicinity of the data storage layer 170. 
These waveforms change with the type of the optical disc 102. 

[0124] For example, at the NA of 0.45, if the optical disc 
102-1 is loaded in the optical disc drive 100, then FE, AF and 
RFENV signals, of which the amplitudes are greater than 
predetermined values Al, All and A21, respectively, can be 
obtained. On the other hand, if the optical disc 102-2 is 
loaded in the optical disc drive 100, then FE, AF and RFENV 
signals , of which the amplitudes are smaller than the 
predetermined values Al, All and A21 but greater than 
predetermined values A2, A12 and A22, respectively, can be 
obtained. Furthermore, if the optical disc 102-3 is loaded in 
the optical disc drive 100, then FE, AF and RFENV signals, of 
which the amplitudes are smaller than the predetermined values 
A2, A12 and A22 but greater than predetermined values A3, A13 
and A23, respectively, can be obtained. 



40 



[012S] In this manner, the focal point of the light beam is 
shifted around the data storage layer 170 by moving the 
objective lens 150 substantially perpendicularly to the 
optical disc 102 under the control of the microcomputer 132 
and a signal representing the detected portion of the 
reflected light from the optical disc 102 is compared with a 
predetermined value, thereby recognizing the type of the given 
optical disc 102. 

[0126] In this case, the microcomputer 132 may perform the 
process of recognizing the given optical disc 102 by bringing 
the objective lens 150 away from the optical disc 102. Then, 
the probability of collision between the objective lens 150 
and optical disc 102 can be further reduced. Alternatively, 
the microcomputer 132 may perform the process of recognizing 
the given optical disc 102 by bringing the objective lens 150 
toward the optical disc 102. As another alternative, the 
microcomputer 132 may also perform the process of recognizing 
the given optical disc 102 with the light beam spot allowed to 
go back and forth around the data storage layer 170 a single 
or multiple times. 

[0127] Furthermore, the microcomputer 132 may perform the 
process of recognizing the given optical disc 102 with or 
without performing a focus control on the data storage layer 
170. If the microcomputer 132 performs the process of 
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recognizing the given optical disc 102 while performing a 
focus control on the data storage layer 170, then the 
recognizer 108 to be implemented by the microcomputer 132 may 
recognize the type of the optical disc 102 by the TE signal. 

[0128] Hereinafter, it will be described how to recognize the 
type of the given optical disc 102 while switching the 
numerical apertures. FIG. 11 is a flowchart showing the flow 
of the process of recognizing the type of the given optical 
disc 102 with the numerical apertures changed. In this 
optical disc type recognizing process, after Step S100 has 
been performed as described above, the microcomputer 132 
controls the optical head set 120 such that the light beam is 
focused through the objective lens 150-1 onto the optical disc 
102, and receives a signal representing the detected portion 
of the reflected light from the optical disc 102 in Step S110. 
More specifically, in this Step S110, the microcomputer 132 
moves the objective lens 150 substantially perpendicularly to 
the optical disc 102, thereby outputting a control signal 
instructing that the focal point of the light beam be shifted 
around the data storage layer 170. As a result, the signal 
waveforms shown in FIG. 10 are obtained. 

[0129] Next, in Step S112, the recognizer 108 determines, in 
accordance with the signal representing the reflected and 
detected light, whether or not the optical disc 102 loaded in 
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the optical disc drive 100 is associated with the currently 
selected numerical aperture. In this case, the signal 
representing the reflected and detected light may be the FE 
signal, TE signal, AS signal, RF signal or a combination 
thereof. The recognizer 108 may recognize the type of the 
given optical disc 102 by the level of the signal representing 
the reflected and detected light, for example. 

[0130] If the answer to the query of Step S112 is YES, then 
this process ends. Otherwise, the setting changer 106 
controls the optical head set 120 in Step S114 such that the 
currently selected numerical aperture is switched into the 
next smallest numerical aperture, and then the process returns 
to Step S110. This optical disc type recognizing process is 
preferably carried out with the objective lens 150-1 replaced 
by the objective lens 150-2 and then the objective lens 150-2 
replaced by the objective lens 150-3. In this manner, the 
type of the given optical disc 102 can be recognized more 
accurately with collision minimized by keeping an appropriate 
distance between the objective lens 150 and the optical disc 
102. 

[0131] In the first preferred embodiment described above, the 
numerical aperture of the focusing mechanism 110 for focusing 
the light beam on the data storage layer 170 of the given 
optical disc 102 is set equal to the first numerical aperture. 
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which is the smallest of the multiple different numerical 
apertures, and the type of the given optical disc 102 is 
recognized by the first numerical aperture selected. Thus, 
the type of the optical disc 102 can be recognized with a 
sufficient distance maintained between the optical disc 102 
and the focusing mechanism 110. As a result, collision 
between the focusing mechanism 110 and the optical disc 102 
can be minimized. 

EMBODIMENT 2 

[0132] FIG. 12 is a block diagram schematically showing a 
configuration for an optical disc drive according to a second 
specific preferred embodiment of the present invention. In 
FIG. 12, any component of the optical disc drive 200, having 
the same function as the counterpart of the optical disc drive 
100 of the first preferred embodiment described above, is 
identified by the same reference numeral as that used in FIG. 
2. The optical disc drive 200 of this second preferred 
embodiment preferably includes a focusing mechanism 201, the 
photodetector 112, the signal generator 114, a light source 
section 210, and an optical disc recognition controller 202. 

[0133] The light source section 210 preferably outputs a 
selected one of multiple light beams with mutually different 
wavelengths. For example, the light source section 210 may 
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mechanically switch a plurality of light sources that emit 
light beams with mutually different wavelengths . 
Alternatively, the light source section 210 may include a 
plurality of light sources that emit light beams with mutually 
different wavelengths and a plurality of polarization beam 
splitters that guide those light beams to the focusing 
mechanism 201. Furthermore, the light source section 210 may 
also be a two -wavelength laser diode, a three -wavelength laser 
diode, a mult i -wavelength laser diode or a variable -wavelength 
laser diode for emitting light beams with multiple wavelengths. 

[0134] The multiple different wavelengths preferably include 
at least one of the ranges of 400 nm to 410 nm, 645 nm to 660 
nm, and 775 nm to 795 nm. Alternatively, the multiple 
different wavelengths may include at least one of the ranges 
of 405 + 5 nm to 405~ 5 nm, 650 + 5 nm to 650 — 5 nm, and 780 + 10 
nm to 780 — 10 nm. As another alternative, the multiple 
different wavelengths may also fall within any other range. 

[0135] The focusing mechanism 201 preferably focuses the 
light beam, emitted from the light source section 210, on the 
data storage layer 170 of the optical disc 102 and may include 
an optical lens (e.g., an objective lens) as the focusing 
mechanism 110 of the first preferred embodiment described 
above. The numerical aperture of the focusing mechanism 201 
is preferably switchable. The numerical apertures may be 
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switched by changing the objective lenses or compensators to 
pass the light beam. Alternatively, the numerical apertures 
may also be switched mechanically as well. Also, the 
numerical apertures may be switched independently of 
wavelength switching of the light beam. Furthermore, the 
focusing mechanism 201 preferably guides the reflected light 
from the optical disc 102 to the photodetector 112. For 
example, the optical pickup disclosed in Japanese Laid-Open 
Publication No. 8-138261 may be used as the focusing mechanism 
201. 

[0136] The optical disc recognition controller 202 preferably 
includes a setting changer 204, a wavelength selector 206 and 
a recognizer 208. The setting changer 204 preferably operates 
just like the setting changer 106 of the first preferred 
embodiment so as to output a control signal that defines the 
numerical aperture of the focusing mechanism 201. This control 
operation of defining the numerical aperture of the focusing 
section 201 may be carried out separately from the control 
operation of setting the wavelength of the light beam. The 
recognizer 208 preferably operates just like the recognizer 
108 of the first preferred embodiment, thereby determining 
whether or not the given optical disc 102 is associated with 
the selected numerical aperture and wavelength. 

[0137] If the setting changer 204 sets the numerical aperture 
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of the focusing mechanism 201 equal to the first numerical 
aperture, then the wavelength selector 206 preferably controls 
the light source section 210 such that the wavelength of the 
light beam emitted from the light source section 210 is set 
equal to a first wavelength, which is the longest of the 
multiple different wavelengths. Alternatively, the wavelength 
selector 206 may also control the light source section 210 
such that the wavelength of the light beam emitted from the 
light source section 210 is set equal to a second wavelength, 
which is longer than at least one of the multiple different 
wavelengths . The second wavelength may or may not be included 
in the multiple different wavelengths. Optionally, the 
wavelength selector 206 may sequentially select one of the 
multiple different wavelengths after another in the descending 
order (i.e., the longest wavelength first). 

[0138] FIG. 13 is a block diagram showing a more detailed 
configuration for the optical disc drive 200 shown in FIG. 12. 
In FIG. 13, any component of the optical disc drive 200, 
having the same function as the counterpart of the optical 
disc drive 100 of the first preferred embodiment described 
above, is identified by the same reference numeral as that 
used in FIG. 3. As shown in FIG. 13, the optical disc drive 
200 preferably includes a optical head set 212, an amplifier 
122, an RF signal generator 124, an AS signal generator 126, a 
TE signal generator 128, an FE signal generator 130, a 
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microcomputer 214, a focus actuator driver 134 , a tracking 
actuator driver 135 and a disc motor 136. 

[0139] The microcomputer 214 preferably has almost the same 
configuration, and operates substantially in the same way, as 
the microcomputer 132 of the first preferred embodiment 
described above. However, unlike the microcomputer 132 of the 
first preferred embodiment, the microcomputer 214 of the 
second preferred embodiment preferably performs not only the 
process of setting the numerical aperture but also the process 
of selecting the wavelength of the light beam. The optical 
head set 212 preferably operates substantially in the same way 
as the optical head set 120 of the first preferred embodiment 
described above. However, this optical head set 212 

preferably switches the wavelengths of the light beam 
separately from the numerical apertures . 

[0140] FIG. 14 is a block diagram showing an exemplary 
configuration for the optical head set 212 shown in FIG. 13. 
In FIG. 14, any component of the optical head set 212, having 
the same function as the counterpart of the optical head set 
120 of the first preferred embodiment described above, is 
identified by the same reference numeral as that used in FIG. 
4. The optical head set 212 preferably includes a lens unit 
220, a variable -wavelength laser diode 222, and the 
photodetector 146. The lens unit 220 is preferably designed 
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so as to switch the numerical apertures. Also, the lens unit 
220 preferably focuses the light beam, emitted from the 
variable -wavelength laser diode 222, on the data storage layer 
170 of the optical disc 102. Furthermore, the lens unit 220 
preferably guides the reflected light from the optical disc 
102 onto the photodetector 146. 

[0141] The variable-wavelength laser diode 222 can change the 
wavelength of the light beam to be emitted. For example, the 
variable -wavelength laser diode 222 may emit a laser beam with 
a wavelength of 405 + 5 nm to 405 — 5 nm, a wavelength of 645 rim 
to 660 nm, a wavelength of 650 + 5 nm to 650 — 5 nm, a 
wavelength of 775 nm to 795 nm or a wavelength of 780 + 10 nm 
to 780 — 10 nm. The switching of numerical apertures and 
switching of light beam wavelengths are preferably controlled 
by the microcomputer 214. The lens unit 220 is equivalent to 
the focusing mechanism 201 shown in FIG. 12. The variable- 
wavelength laser diode 222 corresponds to the light source 
section 210 shown in FIG. 12. And the microcomputer 214 
functions as the optical disc recognition controller 202 shown 
in FIG. 12. 

[0142] FIGS. ISA and 15B are respectively a perspective view 
and a plan view illustrating an exemplary configuration for 
the lens unit 220 shown in FIG. 14. In FIGS. 15A and 15B, any 
component of the lens unit 220, having the same function as 
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the counterpart of the first preferred embodiment described 
above, is identified by the same reference numeral as that 
used in FIG. 5. As shown in FIGS. ISA and 15B, the lens unit 
220 preferably includes a holder 234, a plurality of objective 
lenses 150-1, 150-2 and 150-3, a shaft 231, yokes 232, a focus 
coil 230 and a tracking coil 236. The holder 234 is 
preferably provided so as to rotate freely around the shaft 
231. The objective lenses 150-1, 150-2 and 150-3, arranged on 
the holder 234, are preferably switched as the holder 234 
rotates to a predetermined angle. The number of the objective 
lenses included in this lens unit 220 is not particularly 
limited but may be two, four or more. 

[0143] The yokes 232 are arranged inside of the openings of 
the holder 234 and outside of the holder 234. Two magnets 
233 are arranged inside of the outer yokes 232 such that the 
same magnetic poles face each other. The focus coil 230 is 
preferably wound, and the flat tracking coil 236 is provided, 
under the holder 234. A magnetic circuit, made up of the 
focus coil 230, tracking coil 236, magnets 233 and yokes 232, 
preferably shifts the objective lenses 150-1 . 150-2 and 150-3 
both vertically and horizontally with respect to the optical 
disc 102. Also, this magnetic circuit preferably rotates the 
holder 234 to a predetermined angle, thereby switching the 
objective lenses to be used. 
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[0144] Hereinafter, it will be described with reference to 
FIGS. 16 and 17 how the optical disc drive 200 of this second 
preferred embodiment operates . 

[0145] FIG. 16 is a flowchart showing the flow of the optical 
disc type recognizing process of this second preferred 
embodiment. In this optical disc type recognizing process, 
first, in Step S200, the setting changer 204 to be implemented 
by the microcomputer 214 preferably outputs a control signal 
that sets the numerical aperture of the objective lens 150-1, 
150-2 or 150-3 equal to a first numerical aperture. The 
setting changer 204 preferably controls the lens unit 220 so 
as to select the objective lens 150-1 with the smallest, first 
numerical aperture among the three objective lenses 150-1, 
150-2 and 150-3 shown in FIGS. 15A and 15B. In accordance 
with the control signal supplied from the setting changer 204, 
the lens unit 220 preferably arranges the objective lens 150-1 
at a predetermined position. 

[0146] Next, in Step S202, the wavelength selector 206 to be 
implemented by the microcomputer 214 preferably outputs a 
control signal that sets the wavelength of the light beam 
equal to the first wavelength. That is to say, the wavelength 
selector 206 preferably controls the variable -wavelength laser 
diode 222 such that the laser diode 222 outputs a light beam 
with the first wavelength. In accordance with the control 
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signal supplied from the wavelength selector 206, the 
variable -wave length laser diode 222 preferably outputs a light 
beam with the first wavelength. Subsequently, in Step S204, 
the recognizer 208 to be implemented by the microcomputer 214 
preferably recognizes the type of the given optical disc 102 
by the first numerical aperture and first wavelength that have 
been selected in Steps S200 and S202, respectively, 

[0147] The recognizer 208 preferably receives a signal 
representing the detected portion of the reflected light from 
the optical disc 102, on which the light beam has been focused 
by way of the objective lens 150-1 shown in FIGS. ISA and 15B, 
for example, and preferably recognizes the type of the optical 
disc 102 in accordance with that signal. The recognizer 208 
may recognize the type of the given optical disc 102 by the FE 
signal, TE signal, AS signal, RF signal or a combination 
thereof. The recognizer 208 may recognize all types of 
optical discs 102 either by the first numerical aperture and 
the first wavelength or by switching the numerical apertures 
and wavelengths. Optionally, Steps S200 and S202 may be 
carried out in reverse order. 

[0148] Hereinafter, it will be described how to recognize the 
type of the given optical disc 102 while switching the 
numerical apertures and wavelengths. FIG. 17 is a flowchart 
showing the flow of the process of recognizing the type of the 
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given optical disc 102 with the numerical apertures and 
wavelengths changed- In this optical disc type recognizing 
process, after Step S202 has been performed as described above, 
the microcomputer 214 receives a signal representing the 
detected portion of the reflected light from the optical disc 
102 in Step S210. 

[0149] More specifically, in this Step S210, the 
microcomputer 214 moves the objective lens 150 substantially 
perpendicularly to the optical disc 102, thereby outputting a 
control signal instructing that the focal point of the light 
beam be shifted around the data storage layer 170. As a 
result, the signal waveforms shown in FIG. 10 are obtained. 
In this process step, the microcomputer 214 may recognize the 
type of the given optical disc 102 by bringing the objective 
lens 150 either away from, or toward, the optical disc 102. 

[0150] As another alternative, the microcomputer 214 may also 
perform the process of recognizing the given optical disc 102 
with the light beam spot allowed to go back and forth around 
the data storage layer 170 a single or multiple times. 
Furthermore, the microcomputer 214 may perform the process of 
recognizing the given optical disc 102 with or without 
performing a focus control on the data storage layer 170. 
Also, in this Step S210, the photodetector 146 preferably 
detects the reflected light and the RF signal generator 124, 
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AS signal generator 126, TE signal generator 128 and FE signal 
generator 130 preferably output respective signals 
representing the detected portion of the reflected light. 

[0151] Next, in Step S212, the recognizer 208 determines, in 
accordance with the signal representing the reflected and 
detected light, whether or not the optical disc 102 loaded in 
the optical disc drive 200 is associated with the currently 
selected numerical aperture and wavelength. If the answer to 
the query of Step S212 is YES, then this process ends. 
Otherwise, the setting changer 204 preferably controls the 
lens unit 220 in Step S214 such that the currently selected 
numerical aperture is switched into the next smallest 
numerical aperture. 

[0152] Next, in Step S216, the wavelength selector 206 
preferably controls the variable-wavelength laser diode 222 
such that the laser diode 222 outputs a light beam with the 
currently selected wavelength switched into the next longest 
wavelength, and then the process returns to Step S210. In 
this optical disc type recognizing process, the given optical 
disc is preferably recognized with an NA of 0.45 and an 
infrared ray selected first, an NA of 0.6 and an infrared ray 
selected next, and then an NA of 0.85 and a light beam with a 
wavelength equal to or shorter than that of a blue ray 
selected last. In this manner, the type of the given optical 
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disc 102 can be recognized more accurately with collision 
minimized by keeping an appropriate distance between the 
objective lens 150 and the optical disc 102. It should be 
noted that Steps S214 and S216 may be carried out in reverse 
order . 

[0153] In the preferred embodiment described above, the 
optical disc recognition controller 202 preferably recognizes 
the type of the given optical disc 102 with both the numerical 
apertures and wavelengths switched. Alternatively, the 
optical disc recognition controller 202 may recognize the 
given optical disc 102 without switching the wavelengths . For 
example, the optical disc recognition controller 202 may 
perform the process of recognizing the given optical disc 102 
with the wavelength of the variable -wavelength laser diode 222 
kept equal to the first wavelength and with the numerical 
apertures changed. Then, erroneous short wave beam irradiation 
on the optical disc 102 can be reduced and the information 
stored on the optical disc 102 can be protected. 

[0154] As described above, according to this second preferred 
embodiment, the optical disc 102 can be recognized with the 
light source section 210 at the first wavelength and the 
focusing mechanism 201 at the first numerical aperture 
combined. Thus, a sufficient distance can be maintained 
between the optical disc 102 and the focusing mechanism 201, 
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and therefore, collision between the focusing mechanism 201 
and the optical disc 102 can be minimized. 

EMBODIMENT 3 

[0155] FIG- 18 is a block diagram schematically showing a 
configuration for an optical disc drive according to a third 
specific preferred embodiment of the present invention. In 
FIG. 18, any component of the optical disc drive 300, having 
the same function as the counterpart of the optical disc drive 
200 of the second preferred embodiment described above, is 
identified by the same reference numeral as that used in FIG. 
12. The optical disc drive 300 of this third preferred 
embodiment preferably includes a focusing mechanism 302, the 
photodetector 112 , the signal generator 114 , the light source 
section 210, and an optical disc recognition controller 304. 
The focusing mechanism 302 preferably focuses the light beam, 
emitted from the light source section 210, onto the data 
storage layer 170 of the optical disc 102. The numerical 
aperture of the focusing mechanism 302 changes with the 
wavelength of the light beam to be focused. For example, a 
wavelength selective aperture and an objective lens as 
disclosed in Ryuichi Katayama, "Optical Head Compatible with 
Blu Ray Disc, DVD and CD", Oyo Butsuri, a monthly publication 
of the Japan Society of Applied Physics, August 2002, pp. 19- 
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23, may be used as the focusing mechanism 302. 

[0156] The optical disc recognition controller 304 preferably 
includes a setting changer 306 and the recognizer 208. The 
setting changer 306 preferably sets the wavelength of the 
light beam to be emitted from the light source section 210 
equal to the first wavelength, thereby setting the numerical 
aperture of the focusing mechanism 302 equal to the first 
numerical aperture. That is to say, the setting changer 306 
preferably controls the light source section 210 such that 
the light source section 210 outputs a light beam with the 
first wavelength, thereby setting the numerical aperture of 
the focusing mechanism 302 equal to the first numerical 
aperture. Alternatively, the setting changer 306 may also 
sequentially select one of the multiple different wavelengths 
after another in the descending order (i.e., beginning with 
the longest one) so as to sequentially select one of the 
multiple numerical apertures after another in the ascending 
order (i.e., beginning with the smallest one). 

[0157] FIG. 19 is a block diagram showing a more detailed 
configuration for the optical disc drive 300 shown in FIG. 18. 
In FIG. 19, any component of the optical disc drive 300, 
having the same function as the counterpart of the optical 
disc drive 200 of the second preferred embodiment described 
above, is identified by the same reference numeral as that 
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used in FIG. 13. As shown in FIG. 19 , the optical disc drive 
300 preferably includes an optical head set 310, an amplifier 
122, an RF signal generator 124, an AS signal generator 126, a 
TE signal generator 128, an FE signal generator 130, a 
microcomputer 312, a focus actuator driver 134, a tracking 
actuator driver 135 and a disc motor 136. 

[0158] The microcomputer 312 preferably has almost the same 
configuration, and operates substantially in the same way, as 
the microcomputer 214 of the second preferred embodiment 
described above. However, unlike the microcomputer 214 of the 
second preferred embodiment, the microcomputer 312 of the 
third preferred embodiment preferably performs the process of 
setting the numerical aperture by performing the process of 
selecting the wavelength of the light beam. The optical head 
set 310 preferably operates substantially in the same way as 
the optical head set 212 of the second preferred embodiment 
described above. However, this optical head set 310 

preferably selects the numerical aperture according to the 
wavelength of the light beam. 

[0159] FIG. 20 is a block diagram showing an exemplary 
configuration for the optical head set 310 shown in FIG. 19. 
In FIG. 20, any component of the optical head set 310, having 
the same function as the counterpart of the optical head set 
212 of the second preferred embodiment described above, is 
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identified by the same reference numeral as that used in FIG. 
14. The optical head set 310 preferably includes a compound 
objective lens 320, the focus actuator 152, the tracking 
actuator 153, polarization beam splitters 324, 326 and 328 and 
light sources 330, 332 and 334. The light sources 330, 332 
and 334 preferably emit light beams with respectively 
different wavelengths . Under the control of the microcomputer 
312, one of these multiple light sources 330, 332 and 334 
selectively outputs a light beam. The number of light sources 
included in the optical head set 310 is not particularly 
limited but may be two, four or more. Any of these light 
sources 330, 332 and 334 may output a light beam with the same 
wavelength as that emitted from the variable -wavelength laser 
diode 222 of the second preferred embodiment described above. 

[0160] The polarization beam splitters 324, 326 and 328 
preferably reflect the light beams, emitted from the light 
sources 330, 332 and 334, respectively, toward the compound 
objective lens 320. Also, the polarization beam splitters 324, 
326 and 328 preferably transmit the light that has come 
through the compound objective lens 320. The photodetector 
146 preferably receives the light that was reflected from the 
optical disc 102 and then transmitted through the compound 
objective lens 320 and polarization beam splitters 324, 326 
and 328 . The focus actuator 152 preferably moves the compound 
objective lens 320 substantially perpendicularly to the 
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optical disc 102. On the other hand, the tracking actuator 
153 preferably moves the compound objective lens 320 
substantially parallel to the optical disc 102. 

[0161] The compound objective lens 320 preferably focuses the 
light beam on the data storage layer 170 of the optical disc 
102 and preferably consists of a convergent lens 321 and a 
wavelength- selective aperture 322, which may be combined 
together. As shown in FIGS. 21A, 21B # 22A and 22B, the 
wavelength selective aperture 322 preferably includes either a 
hologram or a relief in part or all of the area through which 
the light beam passes. Such a hologram or relief is preferably 
provided concentrically around the optical axis . The area of 
the wavelength selective aperture 322, through which the light 
beam passes, is preferably divided into multiple concentric 
areas , which are associated with respective numerical 
apertures . 

[0162] In such a structure, the numerical aperture of the 
compound objective lens 320 changes with the wavelength of 
the light beam to be transmitted. For example, if a light 
beam with a wavelength of 400 nm to 410 nm needs to be 
transmitted, then the compound objective lens 320 preferably 
has a numerical aperture of 0.85 + 0.01 to 0.85 — 0.01. Also, 
if a light beam with a wavelength of 645 nm to 660 nm or 650 
+ 5 nm to 650 — 5 nm needs to be transmitted, then the compound 
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objective lens 320 preferably has a numerical aperture of 0.6 
+ 0.01 to 0.6 — 0.01. Furthermore, if a light beam with a 
wavelength of 775 nm to 795 nm needs to be transmitted, then 
the compound objective lens 320 preferably has a numerical 
aperture of 0.50 + 0.01 to 0.50 — 0.01. Furthermore, if a light 
beam with a wavelength of 780 + 10 nm to 780 — 10 nm needs to 
be transmitted, then the compound objective lens 320 
preferably has a numerical aperture of 0.45 + 0.01 to 0.45 — 
0.01. 

[0163] Optionally, the lens unit 220 shown in FIGS. 15A and 
15B may be provided for this optical head set 310. In that 
case, the lens unit 220 may include multiple different types 
of compound objective lenses 320 such that those objective 
lenses 320 are selectively used one after another. As another 
alternative, the lens unit 220 may include one or a plurality 
of compound objective lenses 320 and one or a plurality of 
objective lenses 150 such that those lenses are selectively 
used one after another. 

[0164] For example, a compound objective lens 320 with a 
numerical aperture of 0.85+0.01 to 0.85—0.01, another 
compound objective lens 320 with a numerical aperture of 0.6+ 
0.01 to 0.6 — 0.01, and an objective lens 150 with a numerical 
aperture of 0.50 + 0.01 to 0.50 — 0.01 or 0.45 + 0.01 to 0.45 — 
0.01 may be provided for the lens unit 220 so as to be used 
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selectively* Alternatively, an objective lens 150 with a 
numerical aperture of 0.85 + 0.01 to 0.85 — 0.01, a compound 
objective lens 320 with a numerical aperture of 0.50 + 0.01 to 
0.50 — 0.01 or 0.45 + 0.01 to 0.45 — 0.01 and another compound 
objective lens 320 with a numerical aperture of 0.6 + 0.01 to 
0.6 — 0.01 may be provided for the lens unit 220 so as to be 
used selectively. 

[0165] The light sources 330, 332 and 334 correspond to the 
light source section 210 shown in FIG. 18. The compound 
objective lens 320 is equivalent to the focusing mechanism 302 
shown in FIG. 18. And the microcomputer 312 functions as the 
optical disc recognition controller 304 shown in FIG. 18. 

[0166] Hereinafter, it will be described with reference to 
FIGS. 23 and 24 how the optical disc drive 300 of this third 
preferred embodiment operates. FIG. 23 is a flowchart showing 
the flow of the optical disc type recognizing process of this 
third preferred embodiment. In FIG. 23, any process step 
equivalent to the counterpart of the process of the second 
preferred embodiment described above is identified by the same 
reference numeral as that used in FIG. 16. In this optical 
disc type recognizing process, first, in Step S300, the 
setting changer 306 to be implemented by the microcomputer 312 
preferably outputs a control signal that sets the numerical 
aperture of the compound objective lens 320 equal to a first 
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numerical aperture by setting the wavelength of the light beam 
to be emitted equal to a first wavelength, and then the 
process advances to the next step S204 . In Step S204 , the 
microcomputer 312 preferably controls the optical head set 310 
such that a selected one of the light sources 330, 332 and 334 
outputs the light beam. 

[0167] Hereinafter, it will be described how to recognize the 
type of the given optical disc 102 while switching the 
numerical apertures and wavelengths. FIG. 24 is a flowchart 
showing the flow of the process of recognizing the type of the 
given optical disc 102 with the numerical apertures and 
wavelengths changed. In FIG. 24, any process step equivalent 
to the counterpart of the process of the second preferred 
embodiment described above is identified by the same reference 
numeral as that used in FIG. 17. In this optical disc type 
recognizing process, after Step S300 has been performed as 
described above. Steps S210 and S212 are performed. In Step 
S212, if the optical disc 102 loaded in the optical disc drive 
300 is associated with the currently selected numerical 
aperture and wavelength, then the process ends. 

[0168] Otherwise (i.e., if the answer to the query of Step 
S212 is NO) , the setting changer 306 preferably controls the 
optical head set 310 in Step S302 such that the numerical 
aperture of the compound objective lens 320 is switched into 
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the next smallest one by changing the currently selected 
wavelength into the next longest wavelength, and then the 
process returns to Step S210. 

[0169] As described above, according to this third preferred 
embodiment, the optical disc 102 can be recognized with the 
numerical aperture of the focusing mechanism 302 set equal to 
the first numerical aperture by setting the wavelength of the 
light beam to be emitted from the light source section 302 
equal to the first wavelength. Thus, a sufficient distance 
can be maintained between the optical disc 102 and the 
focusing mechanism 302, and therefore, collision between the 
focusing mechanism 302 and the optical disc 102 can be 
minimized. 

EMBODIMENT 4 

[0170] FIG. 25 is a block diagram schematically showing a 
configuration for an optical disc drive according to a fourth 
specific preferred embodiment of the present invention. In 
FIG. 25, any component of the optical disc drive 400, having 
the same function as the counterpart of the optical disc drive 
200 of the second preferred embodiment described above, is 
identified by the same reference numeral as that used in FIG. 
12. The optical disc drive 400 of this fourth preferred 
embodiment preferably includes the focusing mechanism 201, the 
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photodetector 112, the signal generator 114, the light source 
section 210, an optical disc recognition controller 402 and a 
spherical aberration corrector 406. The optical disc 
recognition controller 402 preferably includes the setting 
changer 204, the wavelength selector 206, a recognizer 403 and 
a spherical aberration regulator 404. 

[0171] The spherical aberration corrector 406 preferably 
corrects a spherical aberration produced in the light beam 
spot on the data storage layer 170 of the optical disc 102. 
The spherical aberration corrector 406 is preferably provided 
on the optical path between the light source section 210 and 
the focusing mechanism 201. Under the control of the spherical 
aberration regulator 404, the spherical aberration corrector 
406 preferably changes the magnitude of correction to be made 
on the spherical aberration. The spherical aberration 
corrector 406 may have any configuration. For example, the 
spherical aberration corrector 406 may include a spherical 
aberration correcting lens or a liquid crystal panel in which 
inside and outside transmittances are different from each 
other . 

[0172] Multiple types of optical discs 102 to be recognized 
preferably include light beam passage layers 172 with mutually 
different thicknesses to transmit the light beam. If the 
setting changer 204 sets the numerical aperture of the 
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focusing mechanism 201 equal to a first numerical aperture, 
then the spherical aberration regulator 404 preferably outputs 
a control signal that sets the magnitude of correction to be 
made by the spherical aberration corrector 406 equal to a 
first correction value corresponding to the maximum one of the 
multiple thicknesses of the light beam passage layers 172. 
Alternatively, the spherical aberration regulator 404 may also 
set the magnitude of correction to be made by the spherical 
aberration corrector 406 equal to a second correction value 
corresponding to one light beam passage layer 172 that is 
thicker than at least one of the other light beam passage 
layers 172. 

[0173] The second correction value may or may not correspond 
to any of the multiple different thicknesses. Also, the 
spherical aberration regulator 404 may also sequentially 
select spherical aberration correction values in the order of 
the thicknesses (i.e., a spherical aberration correction value 
corresponding to the thickest layer first). The recognizer 
403 preferably operates just in the same way as the recognizer 
208 of the second preferred embodiment described above, 
thereby determining whether or not the given optical disc 102 
is associated with the currently selected numerical aperture, 
wavelength and spherical aberration correction value. 

[0174] FIG. 26 is a block diagram showing a more detailed 
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configuration for the optical disc drive 400 shown in FIG. 25. 
In FIG. 26, any component of the optical disc drive 400, 
having the same function as the counterpart of the optical 
disc drive 200 of the second preferred embodiment described 
above, is identified by the same reference numeral as that 
used in FIG. 13. As shown in FIG. 26, the optical disc drive 
400 preferably includes an optical head set 410, the amplifier 
122, the RF signal generator 124, the AS signal generator 126, 
the TE signal generator 128, the FE signal generator 130, a 
microcomputer 412, the focus actuator driver 134, the tracking 
actuator driver 135, a beam expander driver 414 and the disc 
motor 136. 

[0175] The microcomputer 412 preferably has almost the same 
configuration, and operates substantially in the same way, as 
the microcomputer 214 of the second preferred embodiment 
described above. In addition, the microcomputer 412 

preferably outputs a control signal so as to control the 
spherical aberration of the light beam being emitted from the 
optical head set 410. In response to the control signal 
supplied from the microcomputer 412, the beam expander driver 
414 preferably drives the spherical aberration correcting 
actuator of the optical head set 410. The optical head set 
410 preferably has the same configuration as the optical head 
set 212 of the second preferred embodiment described above and 
can further correct the spherical aberration. 
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[0176] FIG. 27 is a block diagram showing an exemplary 
configuration for the optical head set 410 shown in FIG. 26. 
In FIG. 27, any component of the optical head set 410, having 
the same function as the counterpart of the optical head set 
212 of the second preferred embodiment described above, is 
identified by the same reference numeral as that used in FIG. 
14. The optical head set 410 preferably includes the lens 
unit 220, a spherical aberration correcting lens 422, a 
spherical aberration correcting actuator 420, the variable- 
wavelength laser diode 222 and the photodetector 146. The 
spherical aberration correcting lens 422 is preferably 
provided on the optical path between the variable -wavelength 
laser diode 222 and the lens unit 220. The spherical 
aberration correcting lens 422 preferably transmits the light 
beam that has come from the variable-wavelength laser diode 
222, thereby changing the spherical aberration to be produced 
in the light beam spot . 

[0177] The spherical aberration correcting lens 422 may 
include a concave lens and a convex lens, for example. The 
spherical aberration correcting actuator 420 preferably 
changes the spherical aberration of the light beam with the 
gap between the concave and convex lenses of the spherical 
aberration correcting lens 422 increased or decreased by 
moving at least one of these two lenses. That is to say, the 
spherical aberration correcting actuator 420 preferably 
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changes the spherical aberration of the light beam by shifting 
the concave lens and/or the convex lens. It should be noted 
that the beam expander driver 414, spherical aberration 
correcting actuator 420 and spherical aberration correcting 
lens 422 preferably perform the function of the spherical 
aberration corrector 406 shown in FIG. 25. The microcomputer 
412 preferably implements the optical disc recognition 
controller 402 shown in FIG. 25. 

[0178] Hereinafter, it will be described with reference to 
FIGS. 28 through 31 how the optical disc drive having the 
configuration of this fourth preferred embodiment operates. 
FIG. 28 shows how the spherical aberration of the light beam 
changes in this fourth preferred embodiment. While the focus 
control is ON, the light beam that has been emitted from the 
optical head set 410 is refracted by the light beam passage 
layer 172 of the optical disc 102. If the thickness of this 
light beam passage layer 172 varies, then a spherical 
aberration produces. As a result, a light beam passing the 
outside portion of the lens is converged toward a focal point 
A, while a light beam passing the inside portion of the lens 
is converged toward a focal point B as shown in FIG. 28. That 
is to say, if the spherical aberration has produced in this 
way, some gap is created between the focal points A and B. 

[0179] If no spherical aberration has been produced on the 
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data storage layer 170, then the focal point of the outside 
light beam matches that of the inside light beam (at a focal 
point C). However, the greater the magnitude of spherical 
aberration produced, the wider the gap between the focal 
points A and B and the more blurred the light beam spot on the 
whole. As a result, the light beam is partially defocused on 
the data storage layer 170. In that case, the microcomputer 
412 preferably corrects the spherical aberration according to 
the thickness of the light beam passage layer 172 in reading 
or writing information from/on the optical disc 102. 

[0180] By correcting the spherical aberration according to 
the thickness of the light beam passage layer 172 in this 
manner, an appropriate light beam spot can be obtained and 
information can be processed at a high density. The 
microcomputer 412 may correct the spherical aberration by 
performing a feedback control using a FE signal, a spherical 
aberration detection signal or any other detection signal. 
Alternatively, the microcomputer 412 may also correct the 
spherical aberration by performing a search operation using a 
TR signal, a jitter representing a read performance, or any 
other suitable index. Furthermore, the microcomputer 412 may 
also correct the spherical aberration by performing a feed 
forward control based on a predetermined magnitude of 
correction. 
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[0181] FIGS. 29A and 29B show how to correct the spherical 
aberration according to this fourth preferred embodiment. For 
example, in focusing a light beam on the data storage layer 
170-1, the light beam passage layer 172-1 shown in FIG. 29A is 
thicker than the light beam passage layer 172-3 shown in FIG. 
29B, and therefore, the gap Wl between the concave and convex 
lenses of the spherical aberration correcting lens 422 is set 
shorter than the gap W2 in focusing a light beam on the data 
storage layer 170-3. As a result, it is known how much to 
correct the spherical aberration for the light beam passage 
layer 172-1. 

[0182] On the other hand, in focusing a light beam on the 
data storage layer 170-3, the light beam passage layer 172-3 
shown in FIG. 29B is thinner than the light beam passage layer 
172-1 shown in FIG. 29A, and therefore, the gap W2 between the 
concave and convex lenses of the spherical aberration 
correcting lens 422 is set longer than the gap Wl in focusing 
a light beam on the data storage layer 170-1. As a result, it 
is known how much to correct the spherical aberration for the 
light beam passage layer 172-3. In this manner, the beam 
expander driver 414 and spherical aberration correcting 
actuator 420 change the gap between the concave and convex 
lenses of the spherical aberration correcting lens 422. 
Consequently, the best magnitude of spherical aberration 
correction to be made can be obtained according to the 
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thickness of the light beam passage layer 172. 

[0183] FIG. 30 is a flowchart showing the flow of the optical 
disc type recognizing process of this fourth preferred 
embodiment. In FIG. 30, any process step equivalent to the 
counterpart of the process of the second preferred embodiment 
described above is identified by the same reference numeral as 
that used in FIG. 16. In this optical disc type recognizing 
process, after Step S202 has been performed, the spherical 
aberration controller 404 preferably controls the spherical 
aberration corrector 406 in Step S400 such that the magnitude 
of spherical aberration correction to be made is set equal to 
a first correction value. As a result, the gap between the 
concave and convex lenses of the spherical aberration 
correcting lens 422 can be adjusted to the first correction 
value . 

[0184] Next, in Step S402, the recognizer 403 to be 
implemented by the microcomputer 412 preferably recognizes the 
type of the given optical disc 102 by the first numerical 
aperture, first wavelength and first correction value that 
have been selected in Steps S200, S202 and S400, respectively. 
These process steps S200, S202 and S400 do not have to be 
carried out in this order but may be done in any other order. 
For example. Step S400 may be carried out before Step S200 or 
S202. 
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[0185] Hereinafter, it will be described how to recognize the 
type of the given optical disc 102 while switching the 
numerical apertures , wavelengths and spherical aberration 
correction values. FIG. 31 is a flowchart showing the flow of 
the process of recognizing the type of the given optical disc 
102 with the numerical apertures, wavelengths and spherical 
aberration correction values changed. In FIG. 31 , any process 
step equivalent to the counterpart of the process of the 
second preferred embodiment described above is identified by 
the same reference numeral as that used in FIG. 17. In this 
optical disc type recognizing process, after Step S400 has 
been performed as described above. Step S210 is carried out. 
Next, in Step S410, the recognizer 403 determines, in 
accordance with the signal representing the reflected and 
detected light , whether or not the optical disc 102 loaded in 
the optical disc drive 400 is associated with the currently 
selected numerical aperture, wavelength and spherical 
aberration correction value. 

[0186] If the answer to the query of Step S410 is YES, then 
this process ends. Otherwise, the process advances to Steps 
S214 and S216. After Step S216 has been performed, the 
spherical aberration regulator 404 preferably controls the 
spherical aberration corrector 406 in Step S412 such that the 
currently selected spherical aberration correction value is 
switched into another value associated with the next thickest 
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light beam passage layer 712. Thereafter, the process returns 
to Step S210. 

[0187] In this optical disc type recognizing process, the 
given optical disc is preferably recognized with an NA of 0.45, 
an infrared ray and a beam expander value (BE) of 1.2 mm 
selected first, an NA of 0.6, an infrared ray and a BE of 0.6 
mm selected next, and then an NA of 0.85, a light beam with a 
wavelength equal to or shorter than that of a blue ray and a 
BE of 0.1 mm selected last. In this manner, the type of the 
given optical disc 102 can be recognized more accurately with 
collision minimized by keeping an appropriate distance between 
the objective lens 150 and the optical disc 102. It should be 
noted that Steps S214, S216 and S412 do not have to be carried 
out in this order but may be carried out in any other order. 
For example. Step S412 may be carried out before Step S214 or 
S216. 

[0188] As described above, according to this fourth preferred 
embodiment, the optical disc 102 can be recognized with the 
wavelength of the light beam emitted from the light source 
section 210 set equal to the first wavelength, the numerical 
aperture of the focusing mechanism 201 set equal to the first 
numerical aperture, and the spherical aberration correction to 
be made by the spherical aberration corrector 406 set equal to 
the first correction value. Thus, a sufficient distance can 
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be maintained between the optical disc 102 and the focusing 
mechanism 201, and therefore, collision between the focusing 
mechanism 201 and the optical disc 102 can be minimized. 

EMBODIMENT 5 

[0189] The spherical aberration corrector 406 and spherical 
aberration regulator 404 described above for the fourth 
preferred embodiment are also applicable for use in the third 
preferred embodiment. Then, an optical disc drive may be 
designed as shown in FIG. 32. The optical disc drive 500 
shown in FIG. 32 preferably includes a focusing mechanism 302, 
the photodetector 112, the signal generator 114, the light 
source section 210, an optical disc recognition controller 502 
and the spherical aberration corrector 406. The optical disc 
recognition controller 502 preferably includes a setting 
changer 306, a recognizer 403 and the spherical aberration 
regulator 404. 

[0190] The optical disc drive 500 of this fifth preferred 
embodiment preferably operates substantially in the same way 
as the counterpart of the fourth preferred embodiment 
described above except that the optical disc drive 500 
defines the numerical aperture by setting the wavelength of 
the light beam. That is to say, in this fifth preferred 
embodiment. Steps S200 and S202 shown in FIGS. 30 and 31 are 
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replaced with Step S300 shown in FIG. 23 and Steps S214 and 
S216 shown in FIG. 31 are replaced with Step S302 shown in FIG. 
24. 

EMBODIMENT 6 

[0191] FIG. 33 is a block diagram schematically showing a 
configuration for a data storage layer distinguishing 
controller according to a sixth specific preferred embodiment 
of the present invention. The data storage layer 
distinguishing controller 604 of the sixth preferred 
embodiment preferably distinguishes at least two types of data 
storage layers, which are associated with multiple different 
numerical apertures. Also, the data storage layer 

distinguishing controller 604 preferably controls an optical 
disc drive 600 for accessing the data storage layer of the 
optical disc 602. Furthermore, the data storage layer 
distinguishing controller 604 preferably distinguishes the 
data storage layer of the optical disc 602 in the optical disc 
drive 600 when the optical disc drive 600 is turned ON or when 
the optical disc 602 is inserted into the optical disc drive 
600. The number of types of data storage layers to be 
distinguished is not particularly limited and may be two, 
three or more, for example. Also, all or just some of the 
data storage layers included in the optical disc 602 loaded 
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may be distinguished. 

[0192] The data storage layer distinguishing controller 604 
preferably includes a setting changer 606 and a distinguisher 
608. The setting changer 606 preferably controls a focusing 
mechanism, which focuses a light beam on the data storage 
layer of the given optical disc 602, by setting the numerical 
aperture of the focusing mechanism equal to the smallest, 
first numerical aperture among the multiple different 
numerical apertures. Alternatively, the setting changer 606 
may control the focusing mechanism by setting the numerical 
aperture of the focusing mechanism equal to the second 
numerical aperture. Also, beginning with the smallest, first 
numerical aperture, the setting changer 606 may sequentially 
select one of the numerical apertures after another in the 
ascending order. 

[0193] The distinguisher 608 preferably distinguishes the 
data storage layer of the optical disc 602 loaded in the 
optical disc drive 600 by the first numerical aperture that 
has been selected by the setting changer 606. The 
distinguisher 608 may distinguish among all types of data 
storage layers by the first numerical aperture. Also, if the 
setting changer 606 sequentially selects one of the multiple 
different numerical apertures after another in the ascending 
order, then the distinguisher 608 may determine whether or not 
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the given data storage layer is associated with the numerical 
aperture currently selected by the setting changer 606. This 
decision can be made in accordance with a signal representing 
a reflected and detected portion of the light from the data 
storage layer of the optical disc 602 on which the light beam 
was focused at that numerical aperture. 

[0194] The optical disc 602 is a storage medium that can be 
accessed by way of a light beam and preferably has either a 
single data storage layer or multiple data storage layers, 
which are stacked one upon the other. Examples of preferred 
optical discs 602 includes music CDs, CD-ROMs, CD-Rs, CD-RWs, 
DVD-ROMs, DVD-RAMs , DVD-RWs, DVD-Rs , DVD+RWs , DVD+Rs , and 
high-density optical discs to be accessed with a light beam, 
of which the wavelength is equal to or shorter than that of a 
blue ray. Furthermore, the optical disc 602 may even be a 
combination of these discs. That is to say, a single optical 
disc 602 may include a plurality of data storage layers for a 
CD, a DVD and a BD, for example. 

[0195] The multiple different numerical apertures may include 
at least one of the ranges of: 0.85 + 0.01 to 0.85 — 0.01; 0.6 + 
0.01 to 0.6 - 0.01; and 0.50 + 0.01 to 0.50 - 0.01. 
Alternatively, the multiple different numerical apertures may 
include at least one of the ranges of: 0.85 + 0.01 to 0.85 — 
0.01; 0.6 + 0.01 to 0.6 — 0.01; and 0.45 + 0.01 to 0.45 — 0.01. 
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Furthermore, the multiple different numerical apertures may 
also fall within any other range. 

[0196] FIG. 34 is a block diagram schematically showing a 
detailed configuration for the optical disc drive 600 shown in 
FIG. 33. In FIG. 34, any component of the optical disc drive 
600, having the same function as the counterpart of the 
optical disc drive 100 of the first preferred embodiment 
described above, is identified by the same reference numeral 
as that used in FIG. 2. As shown in FIG. 34, the optical disc 
drive 600 of the sixth preferred embodiment preferably 
includes the focusing mechanism 110, the photodetector 112, 
the signal generator 114 and the data storage layer 
distinguishing controller 604. The data storage layer 
distinguishing controller 604 preferably outputs a control 
signal that sets the numerical aperture of the focusing 
mechanism 110 equal to the smallest, first numerical aperture 
among the multiple different numerical apertures. Also, the 
data storage layer distinguishing controller 604 preferably 
receives the output signal of the signal generator 114 and 
determines, based on the signal received, whether or not the 
given data storage layer is associated with the currently 
selected numerical aperture. 

[0197] It should be noted that the detailed configuration of 
the optical disc drive 600 may be the same as that shown in 
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FIGS. 3 through 5. The microcomputer of this sixth preferred 
embodiment functions as the data storage layer distinguishing 
controller 604 . 

[0198] FIG. 35 shows an exemplary structure for the optical 
disc 602 shown in FIG. 33. The optical disc 602 may include 
either a single data storage layer 610 or a plurality of data 
storage layers 610-1, 610-2, 610-3, ... and 610-X. The optical 
disc 602 may have a thickness of about 1.2 mm, for example. 
The light beam that has been transmitted through the objective 
lens 150 is incident on the surface 613 so as to be focused on 
any of these data storage layers 610 and 610-1 through 610-X. 
These data storage layers 610-1 through 610-X may be included 
in a CD, a DVD, and/or an optical disc that uses a light beam 
with a wavelength equal to or shorter than that of a blue ray. 
The data storage layers 610-1 through 610-X may include some 
layers of the same type, may all be of mutually different 
types, or may even be of quite the same type, too. 

[0199] The respective data storage layers 610-1 through 610-X 
are located at mutually different depths as measured from the 
surface 613. Those depths (or distances) from the surface 613 
to the respective data storage layers 610-1 through 610-X are 
not particularly limited and may fall within one of the ranges 
of 1.2 + 0.3 mm to 1.2 — 0.1 mm, 0.6 + 0.53 mm to 0.6 — 0.5 mm, 100 
+ 5 jtim to 100-5 /im and 75 + 5 /im to 75 — 5 fJm. 
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[0200] Hereinafter, it will be described with reference to 
FIG. 36 how the optical disc drive 600 of this sixth preferred 
embodiment operates . 

[0201] FIG. 36 is a flowchart showing the flow of the data 
storage layer distinguishing process of this sixth preferred 
embodiment. In FIG. 36, any process step equivalent to the 
counterpart of the process of the first preferred embodiment 
described above is identified by the same reference numeral as 
that used in FIG. 9. In the data storage layer distinguishing 
process of this sixth preferred embodiment, after the setting 
changer 606 has carried out Step S100, the distinguisher 608 
preferably distinguishes the data storage layer 610 (i.e., any 
of the data storage layers 610-1 through 610-X) of the given 
optical disc 602 by the first numerical aperture that has been 
selected in Step S100. 

[0202] The distinguisher 608 preferably controls the optical 
head set 120 such that the light beam is focused on the data 
storage layer 610 by way of the objective lens 150-1, for 
example, and preferably distinguishes the data storage layer 
610 in accordance with a signal representing the detected 
portion of the reflected light from the data storage layer 610. 
The distinguisher 608 may distinguish the given data storage 
layer 610 by the FE signal, TE signal, AS signal, RF signal or 
a combination thereof. The distinguisher 608 may distinguish 
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among all types of data storage layers 610 either by the first 
numerical aperture only or by switching the numerical 
apertures one after another. Also, the distinguisher 608 may 
distinguish either all or just some of the data storage layers 
610 of the optical disc 602 loaded in this optical disc drive 
600. 

[0203] In the sixth preferred embodiment described above, the 
numerical aperture of the focusing mechanism 110 for focusing 
the light beam on the data storage layer 610 of the given 
optical disc 602 is set equal to the first numerical aperture, 
which is the smallest of the multiple different numerical 
apertures, and the given data storage layer 610 is 
distinguished by the first numerical aperture selected. Thus, 
the data storage layer 610 can be distinguished with a 
sufficient distance maintained between the optical disc 602 
and the focusing mechanism 110. As a result, collision 
between the focusing mechanism 110 and the optical disc 602 
can be minimized. 

EMBODIMENT 7 

[0204] FIG. 37 is a block diagram schematically showing a 
configuration for an optical disc drive according to a seventh 
specific preferred embodiment of the present invention. In 
FIG. 37, any component of the optical disc drive 650, having 
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the same function as the counterpart of the optical disc drive 
600 of the sixth preferred embodiment described above, is 
identified by the same reference numeral as that used in FIG. 
34. As shown in FIG. 37, the optical disc drive 650 of this 
seventh preferred embodiment preferably includes the focusing 
mechanism 110, the photodetector 112, the signal generator 114, 
a vertical position changer 662, and a data storage layer 
distinguishing controller 652. The data storage layer 

distinguishing controller 652 preferably includes the setting 
changer 606, the distinguisher 608, a shifter 658, a counter 
660 and a focus controller 661. 

[0205] The vertical position changer 662 preferably moves the 
focusing mechanism 110 substantially perpendicularly to the 
data storage layers 610. As a result, the light beam spot 
shifts substantially perpendicularly to the data storage 
layers 610, too. In response to a signal supplied from the 
signal generator 114, the focus controller 661 preferably 
drives and controls the vertical position changer 662 such 
that the light beam is focused on any of the data storage 
layers of the optical disc 602. 

[0206] The counter 660 preferably counts the number of data 
storage layers 610 included in the given optical disc 602. 
For example, if the number of data storage layers 610 in the 
optical disc 602 loaded is one, then the count is "one"; if 
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the number of data storage layers 610 in the optical disc 602 
loaded is two, then the count is "two"; and if the number of 
data storage layers 610 in the optical disc 602 loaded is X/ 
then the count is n X" . The counter 660 may count the number 
of data storage layers either in response to the signal 
supplied from the signal generator 114 or based on the result 
obtained by the distinguisher 608. In this manner, the number 
of data storage layers 610 in the optical disc 602 loaded can 
be detected. 

[0207] While the distinguisher 608 is distinguishing the 
data storage layer 610, the shifter 658 preferably drives and 
controls the vertical position changer 662 such that the light 
beam is focused on one of the data storage layers 610 after 
another from the deepest one of them toward the shallowest one 
(i.e., toward the surface 613). For example, the shifter 658 
may shift the light beam spot from the deepest data storage 
layer 610, which is about 1.2 mm away from the surface 613, 
toward the surface 613. Then, the focusing mechanism 110 
moves away from the optical disc 602 and therefore, collision 
between the focusing mechanism 110 and the optical disc 602 
can be further reduced. Alternatively, the shifter 658 may 
also control the vertical position changer 662 such that the 
light beam is focused on one of the data storage layers 610 
after another from the shallowest one toward the deepest one. 
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[0208] It should be noted that the detailed configuration of 
the optical disc drive 650 may be the same as that shown in 
FIGS. 3 through 5. The focus actuator driver 134 and focus 
actuator 152 correspond to the vertical position changer 662. 
The microcomputer of this seventh preferred embodiment 
functions as the data storage layer distinguishing controller 
652. 

[0209] Hereinafter, it will be described with reference to 
FIGS. 38 and 39 how the optical disc drive 650 having the 
configuration of this seventh preferred embodiment operates. 
FIG. 38 shows how to carry out the data storage layer 
distinguishing method of this seventh preferred embodiment. 
In this data storage layer distinguishing method, first, the 
setting changer 606 preferably sets the numerical aperture of 
the focusing mechanism 110 equal to the first numerical 
aperture, which is the smallest of multiple different 
numerical apertures. Next, the shifter 658 preferably drives 
and controls the vertical position changer 662 such that the 
light beam is sequentially focused on one of the multiple data 
storage layers after another from the deepest one (as measured 
from the surface 613) toward the surface 613. 

[0210] When the light beam spot passes the data storage 
layers 610, the signals generated by the signal generator 114 
have the waveforms shown in FIG. 38. The distinguisher 608 
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preferably distinguishes the respective data storage layers 
610 by these waveforms. For example, the distinguisher 608 
may carry out that distinguishing process just like the 
recognizer of the first preferred embodiment described above. 
In accordance with the result obtained by the distinguisher 
608 or the waveform of the signal generated by the signal 
generator 114, the counter 660 preferably counts the number of 
data storage layers 610. 

[0211] When the distinguisher 608 finishes its distinguishing 
process, the types of the respective data storage layers 610 
in the optical disc 602 loaded are now known. Then, it is 
possible to focus the light beam on any of those data storage 
layers freely. Based on the result of the distinguishing 
process performed by the distinguisher 608, the focus 
controller 661 preferably focuses the light beam on a desired 
one of the data storage layers 610 first in the optical disc 
loaded. 

[0212] Hereinafter, it will be described how to distinguish 
the given data storage layer 610 while switching the numerical 
apertures. FIG. 39 is a flowchart showing the flow of the 
process of distinguishing the given data storage layer 610 
with the numerical apertures changed. In FIG. 39, any process 
step equivalent to the counterpart of the process of the first 
preferred embodiment described above is identified by the same 
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reference numeral as that used in FIG. 11. In this data 
storage layer distinguishing process, after Step S100 has been 
performed as described above, the shifter 658 preferably 
controls the focusing mechanism 110 in Step S610 such that the 
light beam spot is shifted to a deepest level around the 
deepest data storage layer as measured from surface 613. In 
this process step, the shifter 658 may control the focusing 
mechanism 110 such that the light beam spot just passes that 
level a single time or goes back and forth around the level a 
number of times. If the target data storage layer 610 is 
located at that level, then the waveforms shown in FIG. 38 are 
detected. 

[0213] Next, in Step S612, the distinguisher 608 preferably 
determines, in accordance with the signal supplied from the 
signal generator 114, whether or not the target data storage 
layer associated with the currently selected numerical 
aperture is located just at the level that the light beam spot 
has passed. For example, according to the voltage level of 
the signal supplied from the signal generator 114, the 
distinguisher 608 may determine whether or not the data 
storage layer associated with the selected numerical aperture 
is located at the level. If the answer is NO, the process 
skips steps S614 and S615 so as to jump to Step S616. On the 
other hand, if the answer is YES, then the distinguisher 608 
preferably stores the type of that data storage layer in Step 
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5614, the counter 660 preferably increases its count in Step 

5615, and the process advances to the next step S616. 

[0214] In Step S616, the shifter 658 preferably determines 
whether or not the data storage layer distinguishing process 
has ended. This decision may be made by making the shifter 
658 determine whether or not the light beam spot has passed a 
shallowest level that is closest to the surface 613. If the 
answer to the query of Step S616 is YES, the focus controller 
661 preferably focuses the light beam on the desired data 
storage layer based on the result obtained by the 
distinguisher 608 in Step S622. 

[0215] On the other hand, if the answer to the query of Step 
S616 is NO, then the setting changer 606 preferably performs 
Step S114. Thereafter, in Step S620, the shifter 658 
preferably outputs a control signal that shifts the light beam 
spot to around the next deepest level, which is the second 
most distant from the surface 613 next to the deepest level 
that the light beam spot has just passed. In this process 
step, the shifter 658 may control the focusing mechanism 110 
such that the light beam spot passes the second deepest level 
just once or goes back and forth around the level a number of 
times . 

[0216] Thereafter, the process returns to Step S612. In this 
data storage layer distinguishing process, the focus 
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controller 661 may keep the focus control either OFF or ON at 
each level. Optionally, Steps S100 and S610 may be carried 
out in reverse order. Steps S114 and S620 may be interchanged 
as well. 

[0217] In the seventh preferred embodiment described above, 
the number and types of data storage layers 610 in the optical 
disc 602 loaded can be detected with collision between the 
focusing mechanism 110 and optical disc 602 minimized. 

EMBODIMENT 8 

[0218] The sixth or seventh preferred embodiment of the 
present invention described above may be combined with the 
second preferred embodiment described above. FIG. 40 is a 
block diagram schematically showing a configuration for an 
optical disc drive according to an eighth specific preferred 
embodiment of the present invention. In FIG. 40 , any component 
of the optical disc drive 700, having the same function as the 
counterpart of the optical disc drive of the second, sixth or 
seventh preferred embodiment described above, is identified by 
the same reference numeral as that used in FIG. 12 or 37. As 
shown in FIG. 40, the optical disc drive 700 of this eighth 
preferred embodiment preferably includes the focusing 
mechanism 201, the photodetector 112, the signal generator 114, 
the light source section 210, the vertical position changer 
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662, and a data storage layer distinguishing controller 702. 

[0219] The data storage layer distinguishing controller 702 
preferably includes a setting changer 704, a wavelength 
selector 706, a distinguisher 708, the shifter 658, the 
counter 660 and the focus controller 661- Just like the 
setting changer 606 of the sixth and seventh preferred 
embodiments, the setting changer 704 preferably outputs a 
control signal that defines the numerical aperture of the 
focusing mechanism 201. The control operation of setting the 
numerical aperture of the focusing mechanism 201 may be 
carried out independently of the control operation of setting 
the wavelength of the light beam. Just like the distinguisher 
608 of the sixth and seventh preferred embodiments , the 
distinguisher 708 preferably determines whether or not the 
data storage layer 610 of the optical disc 602 loaded is 
associated with the currently selected numerical aperture and 
wavelength. 

[0220] If the setting changer 704 sets the numerical aperture 
of the focusing mechanism 201 equal to the first numerical 
aperture, then the wavelength selector 706 preferably controls 
the light source section 210 such that the wavelength of the 
light beam emitted from the light source section 210 is set 
equal to the first wavelength described above. Alternatively, 
the wavelength selector 706 may also control the light source 
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section 210 such that the wavelength of the light beam emitted 
from the light source section 210 is set equal to the second 
wavelength described above. Optionally, the wavelength 
selector 706 may sequentially select one of the multiple 
different wavelengths after another in the descending order 
(i.e., the longest wavelength first). 

[0221] It should be noted that the detailed configuration of 
the optical disc drive 700 may be the same as that shown in 
FIGS. 13 through 15. The microcomputer of this eighth 
preferred embodiment functions as the data storage layer 
distinguishing controller 702. 

[0222] Hereinafter, it will be described with reference to 
FIGS. 41 and 42 how the optical disc drive 700 of this eighth 
preferred embodiment operates. FIG. 41 is a flowchart showing 
the flow of the data storage layer distinguishing process of 
this eighth preferred embodiment. In FIG. 41, any process step 
equivalent to the counterpart of the process of the second 
preferred embodiment described above is identified by the same 
reference numeral as that used in FIG. 16. In this data 
storage layer distinguishing process, after the setting 
changer 704 and wavelength selector 706 have performed Steps 
S200 and S202, the distinguisher 708 preferably distinguishes 
the data storage layer 610 in Step S700 by the first numerical 
aperture and first wavelength that have been selected in Steps 
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S200 and S202, respectively. 

[0223] The distinguisher 708 preferably receives a signal 
representing the detected portion of the reflected light from 
the optical disc 602, on which the light beam has been focused 
by way of the objective lens 150-1, for example, and 
preferably distinguishes the data storage layer 610 in 
accordance with that signal. The distinguisher 708 may 
distinguish the given data storage layer 610 by the FE signal, 
TE signal, AS signal, RF signal or a combination thereof . The 
distinguisher 708 may distinguish among all types of data 
storage layers 610 either by the first numerical aperture and 
the first wavelength or by switching the numerical apertures 
and wavelengths. Optionally, Steps S200 and S202 may be 
carried out in reverse order. Also, the distinguisher 708 may 
distinguish all or just some of the data storage layers 610 
included in the optical disc 602 loaded in the optical disc 
drive 700. 

[0224] In Step S700, the shifter 658 preferably drives and 
controls the vertical position changer 662 such that the light 
beam is sequentially focused on one of the multiple data 
storage layers after another from the deepest one (as measured 
from the surface 613) toward the surface 613. Alternatively, 
the shifter 658 may also control the vertical position changer 
662 such that the light beam is sequentially focused on one of 
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the multiple data storage layers after another from the 
shallowest one (as measured from the surface 613) toward the 
deepest one. The distinguisher 608 preferably distinguishes 
the respective data storage layers 610 by the waveforms shown 
in FIG. 38. In accordance with the result obtained by the 
distinguisher 608 or the waveform of the signal generated by 
the signal generator 114, the counter 660 preferably counts 
the number of data storage layers 610. Based on the result of 
the distinguishing process performed by the distinguisher 708, 
the focus controller 661 preferably focuses the light beam on 
a desired one of the data storage layers 610 first in the 
optical disc loaded. 

[0225] Hereinafter, it will be described how to distinguish 
the given data storage layer 610 while switching the numerical 
apertures and wavelengths. FIG. 42 is a flowchart showing the 
flow of the process of distinguishing the given data storage 
layer 610 with the numerical apertures and wavelengths changed. 
In FIG. 42, any process step equivalent to the counterpart of 
the process of the second, sixth or seventh preferred 
embodiment described above is identified by the same reference 
numeral as that used in FIG. 17 or 39. In this data storage 
layer distinguishing process, after Step S202 has been 
performed as described above, Step S610 is carried out by 
controlling the focusing mechanism 201. Next, in Step S702, 
the distinguisher 708 preferably determines, in accordance 
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with the signal supplied from the signal generator 114, 
whether or not the target data storage layer associated with 
the currently selected numerical aperture and wavelength is 
located just at the level that the light beam spot has passed. 
For example, according to the voltage level of the signal 
detected from the optical disc 602, the distinguisher 708 may 
determine whether or not the data storage layer associated 
with the selected numerical aperture and wavelength is located 
at the level. 

[0226] If the answer is NO, the process skips steps S614 and 
S615 so as to jump to Step S616. On the other hand, if the 
answer is YES, then the process advances to Steps S614 and 
S615. In Step S616, the shifter 658 preferably determines 
whether or not the data storage layer distinguishing process 
has ended. If the answer to the query of Step S616 is NO, the 
setting changer 704 and wavelength selector 706 preferably 
perform Steps S214 and S216, respectively. Thereafter, Step 
S620 is carried out by controlling the focusing mechanism 201 
and then the process returns to Step S702. In this data 
storage layer distinguishing process, the focus controller 661 
may keep the focus control either OFF or ON at each level. 
Optionally, Steps S200, S202 and S610 may be carried out in a 
different order. Steps S214, S216 and S620 may also be 
carried out in any other order, too. 
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[0227] In the preferred embodiment described above, the data 
storage layer distinguishing controller 702 preferably 
distinguishes the given data storage layer 610 with both the 
numerical apertures and wavelengths switched. Alternatively, 
the data storage layer distinguishing controller 702 may 
distinguish the given data storage layer 610 without switching 
the wavelengths. For example, the data storage layer 
distinguishing controller 702 may perform the process of 
distinguishing the given data storage layer 610 with the 
wavelength of the variable -wavelength laser diode 222 kept 
equal to the first wavelength and with the numerical apertures 
changed. Then, erroneous short wave beam irradiation on the 
data storage layer 610 can be reduced and the information 
stored on the data storage layer 610 can be protected. 

[0228] As described above, according to this eighth preferred 
embodiment, the data storage layer 610 can be distinguished 
with the light source section 210 at the first wavelength and 
the focusing mechanism 201 at the first numerical aperture 
combined. Thus, a sufficient distance can be maintained 
between the optical disc 602 and the focusing mechanism 201, 
and therefore, collision between the focusing mechanism 201 
and the optical disc 602 can be minimized. 

EMBODIMENT 9 
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[0229] The sixth or seventh preferred embodiment of the 
present invention described above may be combined with the 
third preferred embodiment described above . FIG . 43 is a 
block diagram schematically showing a configuration for an 
optical disc drive according to a ninth specific preferred 
embodiment of the present invention. In FIG. 43, any component 
of the optical disc drive 720, having the same function as the 
counterpart of the optical disc drive of the third or eighth 
preferred embodiment described above, is identified by the 
same reference numeral as that used in FIG. 18 or 40. As 
shown in FIG. 43, the optical disc drive 720 of this ninth 
preferred embodiment preferably includes the focusing 
mechanism 302, the photodetector 112, the signal generator 114, 
the light source section 210, the vertical position changer 
662, and a data storage layer distinguishing controller 722. 

[0230] The data storage layer distinguishing controller 722 
preferably includes a setting changer 724, the distinguisher 
708, the shifter 658, the counter 660 and the focus controller 
661. The setting changer 724 preferably sets the wavelength 
of the light beam to be emitted from the light source section 
210 equal to the first wavelength, thereby setting the 
numerical aperture of the focusing mechanism 302 equal to the 
first numerical aperture. That is to say, the setting 
changer 724 preferably controls the light source section 210 
such that the light source section 210 outputs a light beam 
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with the first wavelength, thereby setting the numerical 
aperture of the focusing mechanism 302 equal to the first 
numerical aperture. Alternatively, the setting changer 724 
may also sequentially select one of the multiple different 
wavelengths after another in the descending order (i.e., 
beginning with the longest one) so as to sequentially select 
one of the multiple numerical apertures after another in the 
ascending order (i.e., beginning with the smallest one). 

[0231] It should be noted that the detailed configuration of 
the optical disc drive 720 may be the same as that shown in 
FIGS. 19 through 21, for example. The microcomputer of this 
ninth preferred embodiment functions as the data storage layer 
distinguishing controller 722. 

[0232] Hereinafter, it will be described with reference to 
FIGS. 44 and 45 how the optical disc drive 720 of this ninth 
preferred embodiment operates. FIG. 44 is a flowchart showing 
the flow of the data storage layer distinguishing process of 
this ninth preferred embodiment. In FIG. 44, any process step 
equivalent to the counterpart of the process of the third or 
eighth preferred embodiment described above is identified by 
the same reference numeral as that used in FIG. 23 or 41. In 
this data storage layer distinguishing process, after the 
setting changer 724 has performed Step S300, the process 
advances to Step S700. 
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[0233] Hereinafter, it will be described how to distinguish 
the given data storage layer 610 while switching the numerical 
apertures and wavelengths. FIG. 45 is a flowchart showing the 
flow of the process of distinguishing the given data storage 
layer 610 with the numerical apertures and wavelengths changed. 
In FIG. 45, any process step equivalent to the counterpart of 
the process of the third or eighth preferred embodiment 
described above is identified by the same reference numeral as 
that used in FIG. 24 or 42. In this data storage layer 
distinguishing process, after Step S300 has been performed as 
described above. Steps S610 is carried out by controlling the 
focusing mechanism 302. Then, the process advances to Step 
S702. 

[0234] In Step S616, the distinguisher 708 preferably 
determines whether or not to end this data storage layer 
distinguishing process. If the answer to the query of Step 
S616 is NO, the setting changer 724 preferably performs Step 
S302. Thereafter, Step S620 is carried out by controlling the 
focusing mechanism 302 and then the process returns to Step 
S702. In this data storage layer distinguishing process, the 
focus controller 661 may keep the focus control either OFF or 
ON at each level. Optionally, Steps S300 and S610 may be 
carried out in reverse order. Steps S302 and S620 may also be 
interchanged as well. 
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[0235] As described above, according to this ninth preferred 
embodiment, the data storage layer 610 can be distinguished 
with the numerical aperture of the focusing mechanism 302 set 
equal to the first numerical aperture by setting the 
wavelength of the light beam to be emitted from the light 
source section 302 equal to the first wavelength. Thus, a 
sufficient distance can be maintained between the optical disc 
602 and the focusing mechanism 302, and therefore, collision 
between the focusing mechanism 302 and the optical disc 602 
can be minimized. 



EMBODIMENT 10 

[0236] The eighth preferred embodiment of the present 
invention described above may be combined with the fourth 
preferred embodiment described above. FIG. 46 is a block 
diagram schematically showing a configuration for an optical 
disc drive according to a tenth specific preferred embodiment 
of the present invention. In FIG. 46, any component of the 
optical disc drive 740, having the same function as the 
counterpart of the optical disc drive of the fourth or eighth 
preferred embodiment described above, is identified by the 
same reference numeral as that used in FIG. 25 or 40. As 
shown in FIG. 46, the optical disc drive 740 of this tenth 
preferred embodiment preferably includes the focusing 
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mechanism 201, the photodetector 112, the signal generator 114, 
the light source section 210, a data storage layer 
distinguishing controller 742, a spherical aberration 
corrector 406, and the vertical position changer 662. The data 
storage layer distinguishing controller 742 preferably 
includes a setting changer 704, a wavelength selector 706, a 
distinguisher 744, the shifter 658, the counter 660, the focus 
controller 661 and a spherical aberration regulator 746. 

[0237] If the setting changer 704 sets the numerical aperture 
of the focusing mechanism 201 equal to a first numerical 
aperture, then the spherical aberration regulator 746 
preferably outputs a control signal that sets the magnitude of 
correction to be made by the spherical aberration corrector 
406 equal to a first correction value corresponding to the 
deepest level of the data storage layer as measured from the 
surface 613. Alternatively, the spherical aberration 

regulator 746 may also set the magnitude of correction to be 
made by the spherical aberration corrector 406 equal to a 
second correction value corresponding to a level that is 
deeper than at least one of multiple levels of the data 
storage layers as measured from the surface 613. 

[0238] The multiple different depth levels as measured from 
the surface 613 may fall within at least one of the ranges of 
1.2 + 0.3 mm to 1.2 — 0.1 mm, 0.6 + 0.53 mm to 0.6 — 0.5 mm, 100 + 
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5 Mm to 100 — 5 Mm, and 75 + 5 Mm to 75 ~ 5 Mm or may fall 
within any other range. The second correction value may or 
may not correspond to any of these different depth levels. 
Also, the spherical aberration regulator 746 may also 
sequentially select spherical aberration correction values in 
the order of the depths (i.e., a spherical aberration 
correction value corresponding to the deepest layer from the 
surface 613 first). The distinguisher 744 preferably operates 
just in the same way as the distinguisher 708 of the eighth 
preferred embodiment described above, thereby determining 
whether or not the given data storage layer 610 is associated 
with the currently selected numerical aperture, wavelength and 
spherical aberration correction value. 

[0239] It should be noted that the detailed configuration of 
the optical disc drive 740 may be the same as that shown in 
FIGS. 26 and 27. Alternatively, the optical disc drive 740 
may also have the configuration shown in FIGS. 3 through 5. 
In that case, the spherical aberration correcting lens 422 and 
spherical aberration correcting actuator 420 are preferably 
provided for at least one of the optical heads 140, 142 and 
144 and a beam expander 414 is preferably provided so as to 
drive the spherical aberration correcting actuator 420. The 
microcomputer of this tenth preferred embodiment preferably 
functions as the data storage layer distinguishing controller 
742. 
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[0240] Hereinafter, it will be described with reference to 
FIGS. 47 and 48 how the optical disc drive 740 of this tenth 
preferred embodiment operates. FIG. 47 is a flowchart showing 
the flow of the data storage layer distinguishing process of 
this tenth preferred embodiment. In FIG. 47 , any process step 
equivalent to the counterpart of the process of the fourth 
preferred embodiment described above is identified by the same 
reference numeral as that used in FIG. 30. In this data 
storage layer distinguishing process, after the setting 
changer 704, wavelength selector 706 and spherical aberration 
regulator 746 have performed Steps S200, S202 and S400, 
respectively, the distinguisher 744 preferably distinguishes 
the given data storage layer 610 in Step S740 by the first 
numerical aperture, first wavelength and first correction 
value that have been selected in Steps S200, S202 and S400, 
respectively. These process steps S200, S202 and S400 do not 
have to be carried out in this order but may be done in any 
other order. 

[0241] Hereinafter, it will be described how to distinguish 
the given data storage layer 610 while switching the numerical 
apertures, wavelengths and spherical aberration correction 
values. FIG. 48 is a flowchart showing the flow of the 
process of distinguishing the given data storage layer 610 
with the numerical apertures, wavelengths and spherical 
aberration correction values changed. In FIG. 48, any process 
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step equivalent to the counterpart of the process of the 
fourth or eighth preferred embodiment described above is 
identified by the same reference numeral as that used in FIG. 
31 or 42. In this data storage layer distinguishing process, 
after Step S400 has been performed as described above. Step 
S610 is carried out by controlling the focusing mechanism 201. 
Next, in Step S742, the distinguisher 744 determines, in 
accordance with the signal supplied from the signal generator 
114, whether or not there is the data storage layer associated 
with the currently selected numerical aperture, wavelength and 
spherical aberration correction value at the depth level that 
the light beam spot has just passed. For example, the 
distinguisher 744 may determine, by the voltage level of the 
detection signal obtained from the optical disc 602, whether 
or not there is the data storage layer associated with the 
currently selected numerical aperture, wavelength and 
spherical aberration correction value. 

[0242] If the answer to the query of Step S742 is NO, the 
process skips steps S614 and S615 so as to jump to Step S616. 
On the other hand, if the answer is YES, then the process 
advances to Steps S614 and S615. In Step S616, the shifter 
658 preferably determines whether or not the data storage 
layer distinguishing process has ended. If the answer to the 
query of Step S616 is NO, the setting changer 704, wavelength 
selector 706 and spherical aberration regulator 746 preferably 
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perform Steps S214, S216 and S412 # respectively. Thereafter, 
Step S620 is carried out by controlling the focusing mechanism 
201 and then the process returns to Step S742. In this data 
storage layer distinguishing process, the focus controller 661 
may keep the focus control either OFF or ON at each depth 
level. Optionally, Steps S200, S202, S400 and S610 may be 
carried out in a different order. Steps S214, S216, S412 and 
S620 may also be carried out in any other order, too. 

[0243] As described above, according to this tenth preferred 
embodiment, the data storage layer 610 is distinguished with 
the wavelength of the light beam emitted from the light source 
section 210 set equal to the first wavelength, the numerical 
aperture of the focusing mechanism 201 set equal to the first 
numerical aperture, and the spherical aberration correction to 
be made by the spherical aberration corrector 406 set equal to 
the first correction value. Thus, a sufficient distance can 
be maintained between the optical disc 602 and the focusing 
mechanism 201, and therefore, collision between the focusing 
mechanism 201 and the optical disc 602 can be minimized. 

EMBODIMENT 11 

[0244] The ninth preferred embodiment of the present 
invention described above may be combined with the fifth 
preferred embodiment described above. FIG. 49 is a block 
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diagram schematically showing a configuration for an optical 
disc drive according to an eleventh specific preferred 
embodiment of the present invention. As shown in FIG. 49, the 
optical disc drive 760 of this eleventh preferred embodiment 
preferably includes the focusing mechanism 302, the 
photodetector 112, the signal generator 114, the light source 
section 210, a data storage layer distinguishing controller 
762 # a spherical aberration corrector 406, and the vertical 
position changer 662. The data storage layer distinguishing 
controller 762 preferably includes a setting changer 724, the 
distinguisher 744, the shifter 658, the counter 660, the focus 
controller 661 and the spherical aberration regulator 746. 

[0245] The optical disc drive 760 of this eleventh preferred 
embodiment operates substantially in the same way as the 
counterpart of the tenth preferred embodiment described above 
except that the optical disc drive 760 defines the numerical 
aperture by setting the wavelength of the light beam. That 
is to say, in this eleventh preferred embodiment. Steps S200 
and S202 shown in FIGS. 47 and 48 are replaced with Step S300 
and Steps S214 and S216 are replaced with Step S302. 

EMBODIMENT 12 

[0246] FIG. 50 is a block diagram schematically showing a 
configuration for an optical disc drive according to a twelfth 
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specific preferred embodiment of the present invention. In 
FIG. 50, any component of the optical disc drive 750, having 
the same function as the counterpart of the optical disc drive 
of the eighth, ninth or tenth preferred embodiment described 
above, is identified by the same reference numeral as that 
used in FIG. 46. As shown in FIG. 50, the optical disc drive 
750 of this twelfth preferred embodiment preferably includes 
the focusing mechanism 201, photodetector 112, signal 
generator 114, spherical aberration corrector 406, light 
source section 210, vertical position changer 662 and a data 
storage layer distinguishing controller 702. 

[0247] The data storage layer distinguishing controller 702 
preferably includes the setting changer 704, wavelength 
selector 706, distinguisher 708, shifter 658, an S-curve 
controller 680, the focus controller 661 and a focus jump 
controller 681. 

[0248] The S-curve controller 680 preferably includes an S- 
curve plotter 6801, a memory 6802 and an S-curve corrector 
6803. The S-curve plotter 6801 preferably plots an S-curve for 
each of multiple numerical apertures. A signal representing 
the amplitude of the S-curve plotted or the magnitude of 
offset is preferably stored in the memory 6802. The S-curve 
corrector 6803 preferably adjusts, in response to a signal 
representing the amplitude or offset stored, the amplitude and 
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balance of the focus error signal to be actually input to the 
focus controller 661 for the purpose of focus control. 

[0249] Just like the setting changer 606 of the sixth and 
seventh preferred embodiments, the setting changer 704 
preferably outputs a control signal that defines the numerical 
aperture of the focusing mechanism 201. The control operation 
of setting the numerical aperture of the focusing mechanism 
201 may be carried out independently of the control operation 
of setting the wavelength of the light beam. Just like the 
distinguisher 608 of the eighth and ninth preferred 
embodiments, the distinguisher 708 preferably determines 
whether or not the data storage layer 610 of the optical disc 
602 loaded (see FIG. 35) is associated with the currently 
selected numerical aperture and wavelength. 

[0250] If the setting changer 704 sets the numerical aperture 
of the focusing mechanism 201 equal to the first numerical 
aperture, then the wavelength selector 706 preferably controls 
the light source section 210 such that the wavelength of the 
light beam emitted from the light source section 210 is set 
equal to the first wavelength described above. Alternatively, 
the wavelength selector 706 may also control the light source 
section 210 such that the wavelength of the light beam emitted 
from the light source section 210 is set equal to the second 
wavelength described above. Optionally, the wavelength 
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selector 706 may sequentially select one of the multiple 
different wavelengths after another in the descending order 
(i.e., the longest wavelength first). 

[0251] In this case, every time each numerical aperture and 
its associated wavelength are selected, the shifter 658 
preferably brings the focusing mechanism 201 either toward, or 
away from, the optical disc 602. And by getting the resultant 
S-curve signal detected by an A/D converter, the local maximum 
or minimum value of the S- curved FE signal can be detected and 
the amplitude and offset of the S-curve can be obtained. 

[0252] It should be noted that the detailed configuration of 
the optical disc drive 750 may be the same as that shown in 
FIGS. 13 through 15. The microcomputer of this twelfth 
preferred embodiment functions as the data storage layer 
distinguishing controller 702. 

[0253] Hereinafter, it will be described with reference to 
FIGS. 51 and 52 how the optical disc drive 750 of this 
preferred embodiment operates. 

[0254] FIGS. 51 and 52 are flowcharts showing two possible 
flows of the data storage layer distinguishing process of this 
twelfth preferred embodiment. In FIGS. 51 and 52, any process 
step equivalent to the counterpart of the process of the 
second or eighth preferred embodiment described above is 
Identified by the same reference numeral as that used in FIG. 
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[0255] In this data storage layer distinguishing process, 
after the setting changer 704 and wavelength selector 706 have 
performed Steps S200 and S202, respectively, the spherical 
aberration regulator 404 preferably controls the spherical 
aberration corrector 406 in Step S400 such that the magnitude 
of spherical aberration correction to be made is set equal to 
the first correction value. Then, the distinguisher 708 
preferably distinguishes the data storage layer 610 in Step 
S700 by the first numerical aperture and first wavelength that 
have been selected in Steps S200 and S202, respectively. 

[0256] The distinguisher 708 shown in FIG. 50 preferably 
receives a signal representing the detected portion of the 
reflected light from the optical disc 602, on which the light 
beam has been focused by way of the objective lens, for 
example, and preferably distinguishes the data storage layer 
610 in accordance with that signal. 

[0257] The distinguisher 708 may distinguish the given data 
storage layer 610 (e.g., discover the layer number of the 
given data storage layer 610 to locate it in the depth 
direction) by the FE signal, TE signal, AS signal, RF signal 
or a combination thereof. The distinguisher 708 may 

distinguish among all types of data storage layers 610 either 
by the first numerical aperture and the first wavelength or by 
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switching the numerical apertures and wavelengths. Optionally, 
Steps S200 and S202 may be carried out in reverse order. 

[0258] Also, the distinguisher 708 may distinguish all or 
just some of the data storage layers 610 included in the 
optical disc 602 loaded in the optical disc drive 740. 

[0259] In Step S700, the shifter 658 shown in FIG. 50 
preferably drives and controls the vertical position changer 
662 such that the light beam is sequentially focused on one of 
the multiple data storage layers after another from the 
deepest one (as measured from the surface 613) toward the 
surface 613. Alternatively, the shifter 658 may also control 
the vertical position changer 662 such that the light beam is 
sequentially focused on one of the multiple data storage 
layers after another from the shallowest one (as measured from 
the surface 613) toward the deepest one. The distinguisher 
708 preferably distinguishes the respective data storage 
layers 610 by the waveforms shown in FIG. 53. 

[0260] Also, the S-curve plotter 6801 shown in FIG. 50 
preferably obtains the local maximum point P and local minimum 
point Q of the FE signal on the data storage layer associated 
with the numerical aperture and wavelength that were selected 
as shown in FIG. 53, thereby deriving the amplitude L and 
offset d from the local maximum and minimum points P and Q. 
The measuring of these parameters that characterize the S- 



110 



curve of such an FE signal will be simply referred to herein 
as "S-curve plotting". 

[0261] The amplitude L and offset d thus obtained are 
preferably stored in the memory 6802 shown in FIG. 50. The S- 
curve corrector 6803 preferably corrects the parameters of the 
S -curved FE signal to be input to the focus controller 661, 
including the amplitude and balance of the FE signal, thereby 
ensuring constant focusing performance. 

[0262] After the S-curve corrector 6803 has corrected the FE 
signal, the focus controller 661 preferably focuses the light 
beam on the desired data storage layer first based on the 
result of decision made by the distinguisher 608 . 

[0263] Hereinafter, it will be described how to distinguish 
the given data storage layer 610 while switching the numerical 
apertures and wavelenjgths . FIG. 52 is a flowchart showing the 
flow of the process of distinguishing the given data storage 
layer 610 with the numerical apertures and wavelengths changed. 
In FIG. 52, any process step equivalent to the counterpart of 
the process of the second, sixth or seventh preferred 
embodiment described above is identified by the same reference 
numeral as that used in FIG. 17 or 39. 

[0264] In this data storage layer distinguishing process, 
after Step S400 has been performed as described above , Step 
S610 is carried out by controlling the focusing mechanism 201. 
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Next, in Step S742, the distinguisher 708 shown in FIG. 50 
preferably determines, in accordance with the signal supplied 
from the signal generator 114, whether or not the target data 
storage layer associated with the currently selected numerical 
aperture, wavelength and correction value is located just at 
the depth level that the light beam spot has passed. For 
example, according to the voltage level of the signal detected 
from the optical disc 602, the distinguisher 708 may determine 
whether or not the data storage layer associated with the 
selected numerical aperture, wavelength and correction value 
is located at that depth level. 

[0265] If the answer to the query of Step S742 is NO, the 
process skips steps S614 and S615 so as to jump to Step S616. 
On the other hand, if the answer to the query of Step S742 is 
YES, then the process advances to Steps S614 and S615. In 
Step S616, the shifter 658 preferably determines whether or 
not the data storage layer distinguishing process has ended. 
If the answer to the query of Step S616 is NO, the setting 
changer 704, wavelength selector 706 and spherical aberration 
corrector 406 preferably perform Steps S214, S216 and S412, 
respectively. Thereafter, Step S620 is carried out by 
controlling the focusing mechanism 201 and then the process 
returns to Step S742. In this data storage layer 

distinguishing process. Steps S200, S202, S400 and S610 may be 
carried out in a different order. Steps S214, S216, S412 and 
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S620 may also be carried out in any other order, too. 

[0266] After the data storage layer 610 to be accessed has 
been distinguished by switching the numerical apertures and 
wavelengths in this manner, desired numerical aperture, 
wavelength and spherical aberration correction value, 
associated with that data storage layer 610, are preferably 
defined in Steps S801, S802 and S803, respectively. 

[0267] Thereafter, in Step S804, the amplitude of the S- 
curved signal measured and stored is preferably corrected into 
a predetermined value such that the offset becomes zero. 
Subsequently, in Step S805, the balance of the S-curved signal 
is preferably adjusted. Then, the focus control is preferably 
started in Step S806 and a focus jump operation is preferably 
performed in Step S807. 

[0268] If the optical disc loaded in the optical disc drive 
750 has three data storage layers L0 # LI and L2, for example, 
the FE signal will show three S- curves when the focal point of 
the light beam crosses the three data storage layers. These 
portions will be referred to herein as "S-curved signals". 
The S-curve controller 680 preferably measures the parameter 
values (including amplitudes and offsets) of the S-curved 
signals obtained from the respective data storage layers and 
then stores those parameter values in the memory 6802 of the 
optical disc drive 750. 
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[0269] When the focus jump controller 681 shown in FIG. 50 
shifts the focal point of the light beam from one data storage 
layer to another, the FE signal is preferably corrected in 
accordance with the amplitudes and offsets of the S-curved 
signals stored in the memory 6802 for the respective data 
storage layers. In this preferred embodiment, using this 
corrected FE signal, accelerating and decelerating pulses are 
applied for the purpose of focus jumping, thereby driving the 
lens actuator. 

[0270] In the following example, the focus jump operation is 
supposed to be carried out to shift the focal point from the 
vicinity of the shallowest data storage layer L2 to the 
deepest data storage layer LO to make the basic idea of the 
present invention more easily understandable. 

[0271] First, referring to FIG. 54, shown is a relationship 
between the control signal supplied in shifting the focal 
point from the data storage layer L2 to the data storage layer 
LO and the focal point of the light beam. As the focal point 
of the light beam, formed by the focusing mechanism 201 of the 
optical disc drive 750 of this preferred embodiment at point A 
that is closer to the protective layer of the optical disc 602, 
is shifted deeper toward the data storage layer L2, the 
quantity of light reflected from the data storage layer L2 
increases. As a result, the FE signal with approximately zero 
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amplitude increases its amplitude in the negative domain. The 
amplitude of the FE signal reaches its peak at point B, and 
then decreases. And when the focal point reaches the data 
storage layer L2 (at point C) , the amplitude of the FE signal 
becomes equal to zero. Optionally, a focus control may be 
once carried out on the data storage layer L2 at this point in 
time, and then the following processes may be performed. It 
should be noted that the waveform of the FE signal as 
represented by the solid zigzag line to the point C shows such 
a situation where a focus control is being carried out on the 
data storage layer L2. 

[0272] Next, as the focal point is shifted from the data 
storage layer L2 deeper toward the data storage layer LI, the 
FE signal with the approximately zero amplitude increases its 
amplitude in the positive domain. The amplitude of the FE 
signal reaches its peak at point D, gradually decreases, and 
then becomes equal to zero at point E. As the focal point 
comes even closer to the data storage layer LI, the quantity 
of light reflected from the data storage layer LI increases. 
Thus, the FE signal with approximately zero amplitude 
increases its amplitude in the negative domain. The amplitude 
of the FE signal reaches its peak at point F, and then 
decreases . And when the focal point reaches the data storage 
layer LI (at point G) , the amplitude of the FE signal becomes 
equal to zero. 
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[0273] Thereafter, as the focal point is shifted from the 
data storage layer LI deeper toward the data storage layer LO, 
the FE signal with the approximately zero amplitude increases 
its amplitude in the positive domain. The amplitude of the FE 
signal reaches its peak at point H, decreases gradually and 
then becomes equal to zero at point I. As the focal point 
comes even closer to the data storage layer LO, the quantity 
of light reflected from the data storage layer LO increases. 
Thus, the FE signal with approximately zero amplitude 
increases its amplitude in the negative domain. The amplitude 
of the FE signal reaches its local minimum at point J, and 
then decreases. And when the focal point reaches the data 
storage layer LO (at point K) , the amplitude of the FE signal 
becomes equal to zero. 

[0274] Next, the focal point goes beyond the data storage 
layer LO. As the focal point is further shifted even deeper 
than the data storage layer LO, the FE signal with the 
approximately zero amplitude increases its amplitude in the 
positive domain. The amplitude of the FE signal reaches its 
peak at point P, decreases gradually and then becomes equal to 
zero at point M, where the focal point starts being shifted in 
the opposite direction (i.e., back toward the incident plane 
of the optical disc 602). Then, the FE signal with the 
approximately zero amplitude increases its amplitude in the 
positive domain again. The amplitude of the FE signal reaches 
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its peak at point N, decreases gradually and finally reaches a 
focus controllable level at point O. Then, the focus jump 
operation ends and a focus control operation starts instead, 

[0275] The point M is the deepest position (i.e., most 
distant) from the incident plane of the optical disc 602. 
Accordingly, when the focal point reaches the point M, the 
convergent lens is located closest to the optical disc 602. 
In the optical disc drive of this preferred embodiment , 
however, the convergent lens never collides with the optical 
disc 602. 

[0276] Next, it will be described what control signals are 
generated to perform the focus jump operation described above. 
In shifting the focal point from the data storage layer L2 
toward the data storage layer L0, the microcomputer of the 
optical disc drive 750 applies an acceleration signal and a 
deceleration signal to the circuit for driving the lens 
actuator in the focusing mechanism 201, thereby shifting the 
focal point within the interval X. It should be noted that in 
shifting the focal point from the data storage layer L2 toward 
the data storage layer L0 within the interval X, the same 
control signals are used as in shifting the focal point from 
the data storage layer L0 toward the data storage layer L2 but 
the polarities of the acceleration and deceleration signals 
for use in this focus jump operation are opposite to those of 



117 



the acceleration and deceleration signals for use in the focus 
jump operation described above. Thus, the control signal to 
be applied while the focal point is being shifted within the 
interval Y will be described. 

[0277] When the focal point reaches the point K, the 
microcomputer stops applying the deceleration signal and the 
optical disc drive 750 enters a standby state to generate no 
control signals. However, even when the deceleration signal 
is no longer applied, the convergent lens continues moving for 
a while due to inertia force and the focal point also 
continues being shifted beyond the data storage layer L0 at a 
substantially constant velocity. As a result, the amplitude 
of the FE signal also increases in the positive domain and 
reaches its peak at the point P. 

[0278] Thereafter, when the focal point passes the point P 
corresponding to that peak, the microcomputer generates a 
decelerating pulse train to decrease the focus shifting 
velocity. As a result, the convergent lens is accelerated in 
the opposite direction (i.e., back toward the incident plane 
of the optical disc 602) and the focal point decreases its 
shifting velocity. 

[0279] Then, the convergent lens will stop moving before the 
FE signal crosses the zero level at the point M. However, the 
microcomputer will keep on generating the decelerating pulse 
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train even after that. Consequently, the focal point is 
shifted toward the data storage layer LO again and the 
amplitude of the FE signal increases in the positive domain 
again. Subsequently, the amplitude of the FE signal reaches 
its peak at point N and then gradually decreases . The 
microcomputer will still keep on generating the decelerating 
pulses until the level of the FE signal reaches the focus 
controllable level. After that, the microcomputer will start 
a focus control operation on the data storage layer LO . 

[0280] Once the amplitude of the FE signal crosses the zero 
level (at the point M) after having reached its peak (at the 
point P), it is normally impossible to perform a focus control 
operation on the data storage layer LO. However, if the focal 
point of the light beam is shifted in the opposite direction 
after that, then the FE signal will clearly reach another peak 
and then cross the zero level again. It is also evident that 
a predetermined range including that zero cross point is a 
focus controllable range. Consequently, even after the focal 
point has reached the point M where no focus control is 
normally available on the data storage layer LO, the optical 
disc drive of this preferred embodiment can still perform the 
focus control on the data storage layer LO by shifting the 
focal point in the opposite direction and monitoring the level 
of the FE signal. It should be noted that to perform the 
focus control operation with even more certainty, the optical 
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disc drive stores the peak values of the FE signal and 
compares the peak value obtained by shifting the focal point 
in the opposite direction with an associated one of the stored 
peak values of the FE signal, thereby determining whether or 
not the focal point has been shifted back to the focus 
controllable range . 

[0281] Hereinafter, it will be described with reference to 
FIG. 55 exactly how the optical disc drive 750 of this 
preferred embodiment performs the focus jump operation of 
shifting the focal point deeper into the optical disc 602. 

[0282] First, the microcomputer of the optical disc drive 750 
stops performing its tracking control operation in Step S110 
shown in FIG. 55 and puts a focus control drive signal on hold 
in Step S112. Next, in Step S114, the microcomputer generates 
an accelerating pulse train and applies it to the focus 
actuator by way of the driver circuit. Subsequently, in Step 
S116, the microcomputer changes the gain setting of the gain 
controller 164 to a value that is associated with the target 
data storage layer L2. Then, in Step S118, the microcomputer 
defines a focus controllable level for the target data storage 
layer L2. In this manner, the S-signal and focus controllable 
level of the target data storage layer L2 can be detected 
accurately. It should be noted that the gain setting and 
focus controllable level are pre-defined for each data storage 
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layer and stored on a nonvolatile memory (not shown), for 
example . 

[0283] Next, in Step S120, the microcomputer generates a 
decelerating pulse train and applies it to the focus actuator 
by way of the driver circuit. Then, in Step S122, the 
microcomputer determines whether or not the interval X has 
ended, i.e., whether or not the focal point has reached the 
point M, by monitoring the level of the FE signal of which the 
waveform is already known to the microcomputer. More 
specifically, the microcomputer recognizes the first zero 
cross point of the FE signal changing from negative into 
positive as the point C and then recognizes the second zero 
cross point of the FE signal changing from negative into 
positive again as the point G. As a result, the microcomputer 
can also recognize a position corresponding to a local minimum 
value as the point J after that. Alternatively, the 
microcomputer may also sense the end of the interval X by any 
other signal such as the envelope of an AS or RF signal. 

[0284] On deciding that the focal point has reached the point 
M, the microcomputer stops applying the decelerating pulse 
train in Step S124. 

[0285] On finishing applying the decelerating pulses in Step 
S124, the microcomputer enters a standby state in Step S226 
to start to apply both accelerating and decelerating pulse 
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trains and will maintain its state for a certain period of 
time to detect the FE signal. This standby state lasts until 
the amplitude of the FE signal reaches the S-curve peak at the 
point P shown in FIG- 54. If the microcomputer has detected 
the S-curve peak in the FE signal in Step S228, then the 
microcomputer stores the peak value in Step S230 , and then 
calculates the focus controllable level of the target data 
storage layer LO in Step S232. Thereafter, in Step S234, the 
microcomputer applies a reverse pulse to the driver circuit 
such that the focal point is shifted back toward the data 
storage layer LO until the focus controllable level is 
detected. It should be noted that once the microcomputer has 
sensed the level of the FE signal reach one of the stored peak 
values, the microcomputer regards the FE signal as having a 
focus controllable level in Step S236. Thereafter, the 
microcomputer performs Steps S130, S132 and S134. In that 
next step S130, the microcomputer stops applying the 
accelerating and decelerating pulse train, releases the hold 
on the focus control drive signal, and starts the focus 
control operation. As a result, the focus control operation 
can be performed with good stability. Next, in Step S132, the 
microcomputer sees, by the level of the TE or RF signal, for 
example, if the focus control operation has been started 
normally. Then, in Step S134, the microcomputer starts the 
tracking control operation. Thereafter, the microcomputer 
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reads data by searching for a predetermined track or sector 
address . 

[0286] It should be noted that the focus jump operation to be 
performed by bringing the convergent lens toward the optical 
disc 602 includes not only the focus jump from the data 
storage layer L2 to the data storage layer L0 but also a focus 
jump from the data storage layer L2 to the data storage layer 
LI and a focus jump from the data storage layer LI to the data 
storage layer LO. Each of the latter two focus jump 
operations may be carried out just as described above. 

[0287] As described above, the optical disc drive 750 of this 
preferred embodiment can correct the FE signal based on the 
data obtained while distinguishing the data storage layer, and 
therefore, can perform the focus jump operation appropriately 
after that. 

[0288] It should be noted that the optical disc recognition 
controller and the data storage layer distinguishing 
controller of the first through twelfth preferred embodiments 
of the present invention described above may be implemented by 
making a processor (not shown) read and execute a program 
stored on a computer-readable storage medium (not shown) such 
as a ROM or a RAM. That is to say, the optical disc 
recognition controller and data storage layer distinguishing 
controller are implementable as software or firmware programs. 
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Alternatively, the optical disc recognition controller and 
data storage layer distinguishing controller may be naturally 
implemented as hardware components either partially or 
entirely. 

[0289] Various preferred embodiments of the present 
invention described above provide an optical disc drive that 
can minimize the collision between some focusing means such 
as an objective lens and an optical disc. 

[0290] While the present invention has been described with 
respect to preferred embodiments thereof, it will be apparent 
to those skilled in the art that the disclosed invention may 
be modified in numerous ways and may assume many embodiments 
other than those specifically described above. Accordingly, 
it is intended by the appended claims to cover all 
modifications of the invention that fall within the true 
spirit and scope of the invention. 

[0291] This application is based on Japanese Patent 
Applications No. 2003-082401 filed March 25, 2003 and No. 
2004-072514 filed March 15, 2004, the entire contents of 
which are hereby incorporated by reference. 
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